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Summn ry

Preparation of a homologous (human), intravenous, botulinal immunoglobulin from

. ,. human immune plasma supplied by United States Army Medical Research Institute of

Infectious Diseases (USAMRIID) has been completed. A total of 2753 units,

"constituting a total of 937.7 liters of plasma, were processed and the IgG iso-

lated was found to contain neutralizing activity (IU) to five botulina!.

neurotoxins: A, B, C, D and E. Four lots of botulinal immune globul. (human)

pentavalent (A, B, C, D and E) were prepared; lots IVBG-IA--553 grams,

IVBC.IB--578 grams, IVBG-2A--563 grams and IVBG-2B--401 grams for a total of

2095 grams. Included in this report are detailed specifications and iden-

tification of all source materials, presentation of all methods used in the pre-

paration of the final product, and details and status of all testing including

*• on-going shelf-life studies on the final product lots.

The material ha6 been prepared by new patented methods involving SiO2 stabiliza-

tion of plasma followed by isolation and purification of IgG by QAE A-50 Sephadex

"ion exchange chromatography. The product is a monovalent, non-aggregated, non-

fragmented, native, human IgG containing the IgG subclasses, IgCl, IgG 2 , and IgG 4 .

The human IgG contains neutralizing activity against botulinal neurotoxins A, B,

C, D and E and the final product vials have neutralizing activity in IU/ml printed

on the labels. This material has been prepared by methods used in this laboratory

over the past 10 years for preparation of human, intravenous IgG that has been

used clinically. Similar material has been administered intravenously in doses

from 20 mg/kg to 400 mg/kg in over 400 patients for a total of over 1000 admin-

istrations with no evidence of severe reactions nor transmission of hepatitis. This

material, on the basis of that experience and the extensive testing -erformed

during its preparation, is considered safe for intravenous administration. Final

-- a-'¢ ", a-. .• '' V '-"W ." ' '--.".'...' ". . . . .......". ," ," • ' ."." ." ."." .' . ." ., . .. ", .. -, . -
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.. , directions for dosage and administration have not yet. been decided. It is recom-

mended that it be stored at -20C, and on the basis of previous work in our labora-

tory, should be stable for at least 10 years under the conditions of storage. The

preparation is sterile, but containa no preservatives and therefore is supplied in

single entry 10 ml vials. Testing including anti-complementary activity, half-

life, aud shelf-life studies are still in progress. IVBG-2A and IVBG-2B final

products have been resubmitted for repeat subclass determination testings. Results

of these tests will be communicated to USAMRIID when they become available.

:411
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FOREWORD

In conducting the reEearch described in this report, the investigator(s) adhered

to the "Guide for the Care and Use of Laboratory Animals," prepared by the

Committee on Care and Use of Laboratory Animals of the Institute of Laboratory

Animal Resources, National Research Council (DHEW Publication No. (NIH) 78-23,

Revised 1978).

S.4.
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• Introduction

The purpose of this project was the preparation of an intravenous, pentavalent,

botulinal, immune human IgG from human hyperimmune plasma. The plasma

(937.7 liters) was obtained by USAMRIID by plasmapheresis of volunteers hyperim-

munized to five specific botulinal neurotoxins: Types A, B, C, D and E. This

material was chipped to the Minnesota ALG Program, Department of Surgery,

University of Minnesota Medical School, Minneapolis, Minnesota by USAMRIID in July

and August of 1981. Fractionation of plasma has been completed and the final pro-

duct shipped to USAMRIID.

This comprehensive report details all procedures utilized, results and status of

all testing specified in the contract proposal. The hyperimmune plasma was

divided into four lots for fractionation. Each lot is identified by a specific

lot number and individually tested for neutralizing activity, purity, sterility,

pyrogenicity, safety, IgG subclass composition, temperature and storage stability,

degree of fragmentation and aggregation, and proteolytic enzyme content. The four

lots of sterile pyrogen-free intravenous, pentavalent botulinal immune globulin

contain neutralizing activity against botulinal neurotoxins A, B, C, D and E and

contain the major IgG subclasses IgGl, IgG2 , and IgG4 . They all possess the

structure and biological characteristics of native human IgG, i.e. M.W. 160,000,

less than 1% aggregates, less than 1% fragments, are free of contaminating

plasmin, stable on storage at -20*C or 4*C and considered safe for intravenous

administration. Four lots of final product have been shipped to USAMRIID:

Lot IVBG-IA, 553.11 grams; IVBG-lB, 577.8 grams; IVBG-2A, 562.8 grams; and

IVBG-2B, 400.67 grams for a total of 2,094.38 grams of intravenous, pentavalent,

botulinal, immune, human IgG.
•'(•
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The methods developed in our laboratory for the fractionation of this plasma are

patented (Appendix Al, A2, A3) and have been used in the past to prepare intrave-

nous normal human IgG (Appendix B). This material has been in clinical use since

1975. During this time period over 400 individuals have received IV doses of

20 mg/kg to 400 mg/kg. The material has been well tolerated and in over 1000 IV

administrations, there have been three instances of elevated fever and no evidence

of hepatitis transmission (1). In addition, we have prepared, by these methods,

human intravenous hyperimmune cytomegalovirus (CMV) IgG for use in a randomized

clinical trial to prevent CMV infection in high risk bone marrow transplant reci-

pients. The results of this study show no evidence of adverse reactions, but more

importantly, show a highly significant effect in prevention of CMV infection.

There was no CMV infection, disease or mortality in the treated group (2,3,4,5).

I. Methods

A. Fractionation

The methods used to prepare a pentavalent, botulinal, immune globulin for

safe intravenous use from human hyperimmune anti-botulinal plasma were

adapted from procedures developed in this laboratory. These procedures

are described in Appendices Al, A2, A3 and B. In order to maximize

yields and purity, the procedures have been adapted to this specific

a-pplication, i.e. changes in SiO2 concentration, and use of an additional

chromatography step. The material and methods used in the preparation of

IVBG-1A, IVBG-lB, IVBG-2A and IVBG-2B are detailed in the following sec-

tion and in the fractionation results section later.

1-0,

Ne.
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" " 1. Plasma Pool

Source - Two shipments of USAMRIID human botulinal immune plasma

totalling 2753 units were received. This plasma had been collected,

frozen, and shipped in 500 ml transfer packa. The first shipment of

1364 units was received on July 15, 1981, from the Michigan

Department of Public Health. Approximately 50% of these units were

damaged prior to or during shipping. The second shipment included

1389 units from USAMRIID, Fort Detrick, Frederick, Maryland, in

August 12, 1981. This shipment was in very good condition with 10%

of the units damaged.

Handling and Storage - The units were received iii a frozen state.

They were packed into new boxes, labelled, and moved to a -20°C

storage facility before thawing occurred. As each lot was scheduled

for production, one-half of a shipment (approximately one quarter of

the total volume) was transferred from the cold storage facility to

the fractionation facility.

Recording - The unit donor number, source, and date drawn were

recorded at the time of thawing. This information is contained in

Appendix Cl, C2, C3 and C4 for lots IVBG-lA, IVBG-1B, IVBG-2A and

IVBG-2B respectively.

Pooling - The transfer packs were rinsed in 70% ethanol, cut open,

and the contents pooled into 50 gallon polyethylene tanks. All con-

tainers and instruments were either sterilized with ethanol, by

%
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steam autoclaving, or sanitized with bleach and rinsed repeatedly with

8000 pyrogen-free water prior to use. Damaged transfer packs were

identified, opened and the frozen material added directly to the

tanks. The pooled plasra was thoroughly mixed with a motor-driven

"propeller. The volume was recorded and a plasma pool sample taken

for testing. The plasma was maintained at 40C throughout all of the

following procedures except where noted.

2. Stabilization of Plasma

Addition of SiO2 - Sterile, pyrogei -free, synthetic silicon dioxide

(Aerosil 380, Degussa, Teterboro, NJ) is slowly added in a dry form

to the plasma pool while mixing rapidly. Care is taken to avoid

foaming. After the desired amount of silicon dioxide (SiO2 ) has

been added (20-3.0 grams of Si0 2 per liter of plasma) the mixture is

stirred for one hour and then allowed to settle overnight at 40C.

Removal of SiO2 - SiO2 is removed from the plasma by centrifugation.

After settling in a tank overnight, the top layer of plasma (the

supern-e) contains very little SiO2 . This is pumped into a second

tank for the final centrifugation step. The bottom layer (the

sediment) in a settling tank contains most of the SiO2 and some

plasma. This sediment is dispensed into 1.0 liter sterile, polypro-

pylene bottles for low speed centrifugation. This low-speed spin is

done in Dupont-Sorvall RC3 refrigerated centrifuges with HG-4

swinging-bucket rotors (E.I. Dupont de Nemours and Co., Wilmington,

DE) at 4*C, 5000 RPM, 6975 X g, for 45 minutes or in a Beckman J-6

IC

. a°



8

centrifuge with a JS 4.2 swinging-bucket rotor (Beckman Instruments,

"Palo Alto, CA) at 4*C, 4200 RPM, 5010 X g, for 60 minutes. The

S".'" supernate from this spin is added to the supernate drawn off earlier

from the settling tank. The pellet from the low-speed spin con-

sisting of packed SiO2 and a small amount of occluded protein is

either discarded or in some cases, resuspended with normal saline

and spun again to recover some of the occluded protein. This addi-

"tional step is referred to as an SiO2 cake wash and provides some

marginal increase in yield.

All supernates are combined and pumped into a Beckman J2-21C, J2-21

or a J2-21M refrigerated high speed centrifuge equipped with a JCF-Z

"continuous-flow rotor spinning at 18,000 RPM, 32,260 X g, tem-

perature controlled at 4'C, with a feed rate of 250 ml/min/rotor.

This final centrifugation step removes residual SiO2 particles.

3. Filtration

It The stabilized plasma is sterile filtered to remove any bacteria

introduced during earlier processing. Filtration is accomplished by

placing the stabilized plasma in stainless steel pressure vessels,

pressurizing to 10-20 psig with medical grade nitrogen, (Nitrogen

N.F., Ohio Medical Products, Madison, WI) and feeding the

pressurized plasma to a double high stainless steel filter housing

%% of sanitary design (Pall SANN2G723, Pall Trinity Micro Corp.,
.,6

Cortland, NY) containing a 20 inch prefilter. The filtrate from

hot,

V.* "
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this filter directly feeds a final filter housing of simiiar design

(Pall SANNIG723) and an absolute 0.2 micron pore size filter that

has been autoclaved and aseptically attached to several closed,

autoclaved polypropylene 15 gallon tanks. The entire plasma volume

is passed through this system and is thus rendered sterile and held

at 4°C until the next procedure.

The filter assemblies used in production are all flushed with 80%C

pyrogen-free water prior to use or autoclaving. Table I lists the

manufacturer's part number and the IVBG lot number in which each

-• filter was used. This is a list of filters used at all steps in

production including sterile filtration of plasma, final product,

diafiltration buffers, and chromatography buffers. All filters used

- are pharmaceutical grade, non-fiber releasing and are manufactured

in accordance with current good manufacturing guidelines.

4. Concentration and Buffer Exchange

Ultrafiltration System- The protein concentration and buffer com-

'U. position of the protein solutions at various steps in fractionation

"are adjusted by concentration and diafiltration procedures using an

ultrafiltration system. This system consists of a stainless steel,

-- sanitary design, Millipore Pellicon high volume molecular filtration

cell (Millipore Corp., Bedford, MA) equippea with 50 square feet of

type PTGC (Millipore) 10,000 molecular weight cut-off filters. The

system is fed by a stainless steel sanitary lobe pump (Waukesha

Model, lODO, Waukesha Div., Abex Corp., Waukesha, WI). The system

911;
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*'.'. . operates at 4%C, with a total flow rate of 4-8 liters per minute at

30-50 psig.

Concentration - Following sterile filtretion and QAE procedures, the

total protein concentration averages 33 mg/ml and 6.3 mg/ml respec-

tively. The protein concentration must be increased after each of

these procedures. This is accomplished by recirculating the protein

"solution through the ultrafiltration system under pressure and

discarding filtrate until the desired volume or concentration of the

protein solution is reached. This concentration ranges from

50 mg/ml for an IgG/QAE purification step, to 80 mg/ml for a

plasma/QAE purification step, to 100 mg/ml for the final product.

For a diafiltration procedure the protein is first concentrated to

50-60 mg/ml and at the end of diafiltration concentrated or diluted

"to one of the concentrations described above.

Buffer Preparation - Various buffers are used during fractionation

primarily to adjust the pH, conductivity and ionic composition of

the protein solution. All buffers are prepared in autoclaved

polypropylene tanks or in polyethylene tanks sanitized with 1%

bleach and rinsed six times with 8000 pyrogen-free water. Water for

.. preparation of buffer is purified by deionization, followed by

S distillation in a Barnstead 30 gallon per hour Century Cyclone still

(Barnstead Co., Boston, MA) with storage at 80*C, and is sterile

"and pyrogen-free. The chemicals used to make up all buffers used in

fractionation are listed below along with the manufacturer from

which they are obtained:
7.(.

'S2.
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"Sodium Chloride Mallinckrodt Inc., Paris, KY

or Spectrum Chemical Mfg. Corp.,

Gardena, CA

Sodium Acetate Mallinckrodt Inc.

Imiodazole Sigma Chemical Co., St. Louis, MO

Glacial Acetic Acid MCB Manufaccuring Chemists, Inc.,

Cincinnati, OH

or Mallinckrodt, Inc.

or S ectrum Chemical Mfg. Corp.

190 Proof Ethanol Worum Chemical Co., St. Paul, MN

Sodium Hydroxide Fisher Scientific Co., Fairlawn, NJ

Sodium Carbonate Sigma Chemical Co.

Sodium Bicarbonate Sigma Chemical Co.

Buffers are sterile filtered as they are used.

Conductivity and pH Measurements - Each buffer is tested for pH and

conductivity and must be within certain limits before use.

Typically, the acceptable range for pH is +0.05 units and for con-

ductivity, +0.1 milli Siemens (mS). Measurements are made on a

Radiometer model CDM3 conductivity meter (Radiometer, Copenhagen,

Deruxrk), Radiometer model pH23 pH meter or a Beckman model 3500

(Beckman Instruments, Irvine, CA) pH meter.

kp
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Diafiltration - Protein solutions are diafiltrated prior to &nion

excihange chromatography to adjust pH, conductivity and ionic com-

"position. The product from the chromatography procedure is

diafiltrated to replace the buffers used in chromatography with

"salts suitable for storage and administration of the final product.

Diafiltration is done on ultrafiltration equipment (described

earlier in the section) by adding the replacement buffer at the same

rate as filtrate is produced by the system. This procedure is also

called "constant volume washing". A volume of buffer equal to five

times the volume of the protein solution is passed through the pro-

tein solution in this manner. The exchange of buffer after five

'.•K. volumes is 99% complete. Prior to anion exchange chromatography the

"buffer used is pH 6.6, .0194 M imidazole, 0.0888 M acetate, conduc-

tivity 5.85 mS at 21*C. This same buffer is used to equilibrate the

anion exchange resin. The final product is diafiltrated with normal

saline (0.154 M NaCl). Because saline has no buffering capacity the

pH of the protein solution is raised during diafiltration by titra-

"tion of the protein with small amounts of I N NaOH or Delory and

Kings carbonate-bicarbonate buffer added to the saline.

5. Anion Exchange Liquid Column Chromatography

Anion exchange chromatography (QAE) is used to isolate a pure IgG

fraction from the stabilized plasma or from a partially purified IgG

"fraction. A column chromatography system consisting of four

16 liter stacks (Series KS370/15, Pharmacia, Piscataway, NJ) con-

O.0

a-- ?
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nected in parallel-flow configuration and packed with a total of 2.6

.I. to 3.2 kg of QAE A-50 Sephadex (Pharmacia) is used.

The entire system is sterilized with a pH 6.6 bufIe' containing

0.0132 M imidazole, 0.0592 M acetate, 29.4% ethanol with a conduc-

tivity of 2.05+0.05 mS at 21*C. Just prior to use the QAE is

equilibrated with a minimum of five volumes of a sterile pH 6.6,

.0194 M imidazole, 0.0888 M acetate buffer with a conductivity of

5.85 mS at 21*C. All buffers applied to the stacks are filtered

through sterile 0.2 micron filters. For a plasma run, (QAE 1) the

plasma is spun in Beckman J21-C, J2-21 or J2-21M centrifuges

equipped with JCF-Z continuous-flow rotors spinning at 18,000 RPM,

32,260 X g, with a throughput of 250 ml/min/rotor and a temperature

setting of 210C. This step removes particulates and warms the

plasma for greater ion exchange efficiency.

For a QAE 2 run the product from a QAE 1 (plasma run) is con-

centrated to 50 mg/ml and then applied to one 16 liter stack.

Plasma or IgG is applied to the stacks in parallel by gravity feed.

The flow rate through the stacks is controlled at 150 ml/min/stack

with flow meters. Under these conditions only IgG passes through

the anion exchange resin without binding. The effluent from the

stacks is collected in sterile four liter cylinders (1.0 liter for

an IgG run) with samples being taken from every cylinder for protein

determination. After all the protein has been applied to the

stacks, a sterile pH 6.6 (imidazole-acetate 5.85 mS at 2100) buffer

I.'. .
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is used to elute the remaining IgG from the QAE. Collection of the

effluent is terminated at the point where proteins other than IgG

begin to elute.

The collected protein from one or more plasma runs is pooled in

3terile tanks. If the IgG contains measurable quantities of

alpha-2-macroglobulin, transferrin or lipoproteins, it is con-

centrated and passed over an additional QAE stack. When the IgG is

>99% pure, it is concentrated to the desired concentration and

diafiltrated with normal saline using ultrafiltration procedures

described previously. The final product (protein concentration of

103-108 mg/ml) is adjusted to pH 6.7-7.4. The product is snun in a

Beckman J2-21C, J2-21 or J2-21M centrifuge with a JCF-Z continuous-

flow rotor at 20,000 RPM, 39,260 X g, 200 ml/min/rotor, 21"C toJ

remove particulates and aggregated protein and to warm the solution

for proper functioning of the bottling equipment. Conductivity, pH,

and protein concentration are checked and the solution is delivered

to the testing group for filtration and bottling.

B. Bottling, Storage, Labels and Shipping

1. Bottling

Immediately after the high speed spin, the final products are pre-

filtered through a 0.2p Pall Sealkleen cartridge. The material is

forced through the filter by placing the product in a stainless

sceel prescure vesrel and pressurizing with medical grade nitrogen
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as described earlier. The IgG preparations are then sterile

filtered by the same method through an autoclaved Pall DFA 0.2p

final filter system into a sterile 4 liter Erlenmeyer flask.

At approximately the same rate that the product is sterilely

filtered into the final filter flas'7, it is drawn from the flask

and aliquoted into sterile 10cc vials (Cat. #223739, Wheaton,

"Mellville, New Jersey). The material is dispensed, 10cc per vial,

by a semiautomated bottling apparatus consisting of a National

Instrument's Filamatic pump (#DAB-16, National Instrument,

. Baltimore, Maryland) attached to a calibrated sterile stainless

steel syringe with a bottling bell attached.

Two technicians perform the bottling under a Baker Edge Gard laminar

flow hood (Baker., Sanford, Mass.). They wear sterilized caps,

gowns, masks and gloves, and observe sterile technique throughout

the bottling procedure. Each vial is hand stoppered (Cat. #S-46,

West Co., Phoenixville, PA or Cat. #13237, Pierce, Rockford,

% Illinois) immediately after filling. All vials are hand crimped

(Cat. #20-10 West Co.) before being removed from the hood.

i-W .

"2. Storage

The bottled final product materials were stored at 40 C for 4 toiere
7 months until they were labelled and stored at -20°C. Stability

studies conducted in our laboratory suggest that IgG purified by our

. method can be stored for several years at -20'C, 4°C or room tem-

perature with no fragmentation and without loss of potency (6).

-in-.,
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S .- 3. Labels (Appendix H)

In accordance with CFR 610.60, each vial has been labelled with a

custom designed label describing the name of the product, name and

address of the manufacturer, lot number, protein cou.zentration and

recommended individual dose. Antibody titers (IU/ml) to bo,.ulinal

toxins A through E are printed on each label.

"After IVBG-1A was shipped to Fort Detrick, the label for the next

three lots was modified to inclde the following statement:

Caution: New Drug - Limited by Federal Law to Investigaiional

Use.

L An actual label used for each lot is affixed to the page in

Figure 1.

4. Shipping

When all testing was completed, each of the four lots of the autibo-

tulinal toxin final products were shipped to Fort Detrick. Only

those vials required for testing purposes have been retained at the

University of Minnesota.

The final products were shipped as soon as possible after each

respective lot was labelled. The vials were placed in custom made,

printed, individual cardboard boxes. These boxes were then packed

with dry ice in Styrofoam shipping containers and shipped on over-

night services via either Federal Express or Emery Air Freight. A

confirmation of delivery to Fort Detrick was received for each

!, (7K'. shipment.
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C. Testing

1. Sterility, CFR 610.12 (Appendix H)

Twenty vials of each lot of the final products are selected at ran-

"dom to represent all stages of bottling. These are numbered 1-20

and submitted to Economics Laboratory, Inc. (Mendota Hts., Minn.)

frsterility testing. In accordance wihCR61.2 h contents

"of each vial are innoculated into thioglycollate medium and soybean

casein digest medium and incubated for 14 days at 30-32°C and

20-25*C respectively. These test media are observed for growth on

d-ays three, four, seven, eight and fourteen. This regulation

*. requires that no growth appear in any of the cultures for the

material to pass the sterility testing. Economics Laboratory, Inc.

submits written reports of each lot tested.

2. Pyrogen Test, CFR 610.13b (Appendix H)

Each lot is tested for the absence of pyrogenic substances in accor-

dance with CFR 610.13b, as follows.

Three to four conditioned New Zealand White rabbits (Dutchland

Laboratory, Denver, Penn., 3-5 lbs., females) ere injected intrave-

nously with final product material. Each rabbit receives a dose of

1 ml per kilogram via an ear vein and their temperatures are moni-

tored hourly for three hours. Prior to injection, a normal baseline

temperature is established and recorded. For the products to pass,

no rabbit's post injection temperature can deviate 0.6°C or higher

(•,.. from its baseline temperature.

Si-
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3. General Safety Test, CFR 610.11 (Appendix H)S.-., , -

To determine general toxicity the final products are tei;ted as

described in CFR 610.11. The final products are warmed to 37*C and

".5 injected intraperitoneally into two guinea pigs (Gopher State

Caviary, White Bear Lake, Minn. <400 grams each) and two mice (Bio

Labs, St. Paul, Minn., <22 grams each). Each guinea pig is injected

with 5cc of product, each mouse with .5cc. The animals' weights are

recorded at the beginning of each test. The animals are observed

each working day for seven days and their weights recorded on

day seven. To pass the requirements of the General Safety Test, all

the animals must remain overtly healthy and lose no weight during

the test interval.

4. Hepatitis, CFR 610.40 (Appendix H)

In accordance with CFR 610.40 each lot of final product is tested

for the presence of hepatitis B surface antigen and for antibody

activity against this antigen. Five milliliters of each lot is sub-

mitted to the University of Minnesota Blood Bank for testing by a

"radioimmuno assay (Ausie II and Ausab kits, Abbot Laboratories,

Plymouth, Minn.). A written report is submitted to the laboratory

"for each lot.

hop

N .
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-. 5. Neutralizing Activity

The antibotulinal neutralizing activity of each lot is determined at

USAMRIID by Lt. Colonel George Lewis and Major Martin Crumrine.

Five to ten vials of each lot were shipped to Fort Detrick shortly

after bottling for in vivo neutralizing activity titering against

toxin types A, B, C, D, and E. A description of the procedures used

for testing can be obtained from USAMRIID.

6. Immunoelectrophoresis (IEP)

The purity and electrophoretic mobility of the final products are

analyzed by immunoelectrophoresis. In immunoelectrophoresis, two

methods are combined--electrophoresis of the samples in an agarose

matrix, followed by immunodiffusion and reaction with antiserum spe-

cific for human immunoglobulins or whole human serum.

Agarose gel (1%) IEP plates (IEP Kit #912, Kallestad Laboratories,

Austin, Texas) are used for all sample analyses. These are pre-cut

"I plates, each containing 7 sample wells divided by 6 antiserum

"holding troughs. Sodium barbitol IEP buffer is also supplied in the

kit. This is dissolved in distilled water, pH 8.6.

Undiluted samples of the final product materials are placed in the

wells, 3 pl per well. The IEP plates are then placed in a Behring

_7_ IEP Electrophoresis Chamber (Cat. #23-705-301, Behring, San D4 ego,

CA), filled with IEP buffer. The samples are electrophoresed for

75-90 minutes at 80 volts using a D.C. Power Supply (Cat. #3371E,

k L'KB, Gaithersburg, MD).

C,
I..
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The plates are then removed from the chamber and the troughs are

filled with one of the following antisera: rabbit anti-whole

human serum, rabbit anti-human IgG, or goat anti-human total

immunoglobulin.

The antiserum is allowed to diffuse into the agar to react with the

separated specific proteins for 18 hours at room temperature. The

plates are then blotted and pressed for two hours, followed by

washing in two changes of NaCl to remove unreacted proteins. They

are then washed 18 hours in distilled water to remove the salts,

dried, and stained with .5% Coomassie Blue Stain.

7. Analytical and preparative Isoelectric Focusing (IEF)

Analytical Isoelectric Focusing - Samples are focused in a linear pH

gradient from 3.5 to 9.5 on pre-cast gels (Cat. #1804-101, LKB).

The gels contain 2.4% (w/v) ampholyte, 5% (w/v) polyacrylamide, are

3% cross-linked and are 235 X 90 X 1 mm in size. Equipment used

includes a multiphor focusing unit (Model #2117, LKB), power supply,

(Model #2103, LKB) and recirculating cold bath (Model #2209, LKB).

Samples (20 pil containing 0.2 to 2.0 mg protein) are applied onto

filter paper tabs (5 X 10 mm, Whatman, Paratex) which are placed

approximately 2 cm from the cathode. The cathode and anode

electrode solutions are 1.0 M NaOH and 1.0 M H3 PO4 respectively.

The samples are focused for 90 minutes, 40C, at 30 watts constant

power. The application tabs are removed after 45 minutes.

'N °
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At the end of the run, the pH gradient of the gel at 4°C is deter-

mined. A Beckman 3500 pH meter (Beckman Instruments, Irvine, CA)

with a combination surface electrode (Cat. #2117-111, LKB) is used

to determine the pH of the gel in 1 cm increments. The gel is

focused for 10 additional minutes to increase the sharpness of the

bands. Alternately, pH standards (pH Kit 3-10, Pharmacia,

Piscataway, New Jersey) are included in the gel and the gel is

allowed to reach 20*C during the last 20 minutes of the focusing

run.J

The focused gel is fixed for 45 minutes in a solution of 1% methanol

(v/v) and 0.5% sulphosalicylic acid. Prior to staining, the gel is

soaked for 5 minutes in destaining solution which contains 25% etha-

nol (v/v) and 8% acetic acid (v/v). This allows the gel to

equilibrate to the staining conditions and also helps to remove

ampholytes. The gel is stained for 10 minutes at 60*C in a filtered

stain consisting of 0.1% Coomassie Blue R-250 (w/v) in destaining

solution. The gel is destained for at least 48 hours with several

changes of destain. To preserve the stained gels, they are soaked

in destaining solution cofr~ning 10% glycerol (v/v) for 45 minutes,

air dried overnight and covered with a thin plastic film.

Preparative Electrofocusing in a Granulated Gel (PEGG) - PEGG is

performed in a glass tray (244 X 108 X 5 mm) containing a 100 ml

slurry of protein (60-150 mg), highly washed G-75 Sephadex (4.0 gm),

ampholytes (5% w/v) and distilled water. The protein is generally
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dialyzed against 1% glycine prior to focusing to reduce the salt

content. The ampholyte mixture is chosen to give a linear pH gra-

dient throughout the pH range of interest.

The slurry is poured into the glass tray and air dried, with a 4"

muffin fan, to an optimal water content. The cathode and anode wicks

are soaked in 1.0 M NaOH and 1.0 M H3 PO4 respectively and are placed

along the short sides of the tray.

Samples are focused for 16-18 hours, 10*C, at a constant power of

8 watts. Voltage is set not to exceed 1,200 volts. Equipment used

includes a multiphor focusing unit (Model #2117, LKB), power supply

(Model #2103, LKB) and a recirculating cold bath (Model #2209, LKB).

After the run is complete, a print is taken to record the pattern of

the completed separation. A sheet of filter paper (Whatman #1,

224 X 103 mm) is applied directly to the gel surface for 30 seconds,

K removed and quickly dried with a hot air blower. The dry print is

then washed three times in 10% trichloracetic acid for 15 minutes

each time. The print is stained for 10 minutes, at room tem-

perature, in a 0.2% Coomassie Blue R-250 solution (1:5:1 -

methanol:water:acetic acid) and destained in the same solution

without dye until the background color disappears. The print is

then air dried.

The separated protein zones are collected by sectioning the gel bed

into 30 equal parts using a fractionating grid (Cat. #90-00-0161,

LKB). The pH gradient at 10*C is determined by placing a com-

S (;,;.-

.- ,.-,

44,•,.•,-'" Y. " .'.'''' .'... . . . ... . . . ." ."" ' "". ' """' -" ' "-".' " " " ''. .".'."." " ' ";" "".""-'''"-'



23

•." K.\ bination surface electrode (Cat. #2117-111, LKB) directly into each

section. Thirty small columns are placed over thirty polypropylene

test tubes (Cat. #20Ki6, 17 X 100 mm, Falcon, Oxnard, CA). Each gel

section is transferred, using a spatula, to a small column and mixed

with 1.5 ml 1% glycine. After the gel bed has settled, an addi-

' tional 1.5 ml 1% glycine is added to the top of each column. The

columns are centrifuged for 60 minutes, 280 X g, 4*C and the elu-

tions collected. Total protein of each elution ip determined by

"measuring the absorbance at 280 nm (Model 2600 spectrophotometer,

Gilford, Oberlin, OH). Each elution may be tested further using

radial immunodiffusion, enzyme assays, immunoelectrophoresis or ana-

"lytical isoelectric focusing. Typically, 3 ml of eluant is reco-

•1• vered from each column and the total recovery of protein is 70-80%.

Ie;'
"8. High Performance Liquid Exclusion Chromatography (HPLEC)

High performance liquid exclusion chromatography (HPLEC) is per-

formed on a rigid, spher" al, porous gel matrix. The matrix con-

sists of silica particles u.' 10+2 micron size with a hydrophilic

surface.

Ten microliters of sample (7-20 mg/ml) are applied to two

300 X 7.5 mm TSK-3000-SW columns (Beckman Instruments) connected in

series. The columns are equilibrated in pH 6.3+0.1 PBS buffer

(100 mM phosphate, 100 mM NaCl) at a flow rate of 0.5 ml/min. (Model

112 pump, Beckman Instruments). The column effluent is monitored

for one hour at 280 nm (Model 2238 U.V. monitor, 2.5 mm flow cell,

S,?€..;-% -. * . . . .. . ...
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0.05 AUFS, LKB) and a tracing is made of the separation (Model 2210

recorder, 0.5 cm/min., LKB).

The molecular weight of each peak is estimated using a linear

regression formula based on the retention times of globular proteins

of known molecular weight (Cat. #151-1901, Bio Rad Laboratories,

Richmond, CA) ranging from 10,000 to 300,000 daltons. Proteins
i•'[[,,elute in order of decreasing size. The molecular weight of a sample

"is reproducible _+5% over a six month period.

9. Protein Determination (Biuret, RID and Lipid)

'%S Biuret - Total protein is determined by the Biuret method. Sample

or standard, 50 ul, is added to 5.0 ml of normal saline (1:101

"dilution). Biuret reagent (13.5 mM CuS0 4 , 7.84 N NaOH), 2.5 ml, is

added to the diluted protein, mixed and allowed to stand for

20-60 minutes before the absorbance at 310 nm (model 2600

spectrophotomieter, Gilford, or Model 25 spectrophotometer, Beckman

"Instruments) is determined. A four point standard curve is

constructed using bovine serum albumin (Cat. #81-016, Miles

Laboratories, Inc., Elkhart, IN) standards at 20, 40 and 60 mg

protein/ml and a blank consisting of 5.0 ml saline and 2.5 ml of

biuret solution. All samples and standards are tested in triplicate

and the average absorbance is used. The protein concentration of

"each sample is determined by using a linear regression formula based

on the absorbance of the four standards.

I4. 
I
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Radial Immunodiffusion (RID) - Individual plasma proteins are quan-

titated by the Mancini method (6). Samples are placed in wells cut

in agar containing specific antibody. When the specific antibody in

the agar reaches equilibrium with its antigen, a ring of precipitate

is established. At end point, the diameter of the ring is directly

proportional to the protein concentration of the unknown which is

determined by comparison with known standards. Ring diameters are

measured at endpoint, to the nearest 0.1 mm using a calibrating RID

viewer (Cat. #928, Kaliestad Laboratories). High level albumin

measurements, however, are timed (5 hours + 15 minutes at room

temperature). Standards are supplied by the plate manufacturer• and

immunoglobulin research preparations. A rable of the RID plates

used for this report is shown below:
AM'

-'.4
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Lowest

Standard Detectable

Range Level Catalog

Protein (mg/ml) (mg/mi) Manufacturer Number

IgG 3.00-23.50 0.0460 KAL 519

IgG 0.15-3.50 0.0188 KAL 523

IgG 0.01-0.20 0.0060 KAL 525

IgA 0.45-4.25 0.0390 KAL 520

"IgA 0.04-0.60 0.0076 KAL 527

"IgM 0.45-4.00 0.0450 KAL 521

IgM 0.04-0.50 0.0252 KAL 530

"Albumin 10.75-68.00 0.1000 KAL 640

""-"' Albumin 0.04-1.00 0.0160 KAL 567

Transferrin 0.60-4.50 0.0153 KAL 533

2 -Macroglobulin 0.50-4.00 0.1000 KAL Special

"-.• Order

Hemopexin 0.30-1.46 0.1000 CALBIO 12-751-001

p. .. •_-Lipoprotein

(HDL) 0.10-0.40 0.0200 MD Lab Special

Order

' -Lipoprotein

(LDL) 0.75-7.60 0.1000 MD Lab Special

Order

K' KAL - Kallestad Laboratories

b-S CALEIO- Calbiochem-Behring, La Jolla, California

MD Lab - Mike Dolman Lab, Richfield, Minnesota

V.-,°
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Lipid Analysis - Cholesterol and triglyceride levels are determined

on a Technicon Autoanalyzer II. Assays are performed by the Central

Lipid Laboratory, Department of Surgery, University of Minnesota in

Minneapolis.

Cholesterol is determined by Technicon method SE4-0016FH4.

Cholesterol is extracted in isopropanol, added to a modified

K Lieberman-Buechard reagent, and the absorbance measured at 630 nm.

Triglycerides are determined by Technicon method SE4-0023FE5.

Triglycerides are extracted in isopropanol, saponified to glycerol,

and oxidized to formaldehyde. Triglycerides are then measured as

formaldehyde by the formation of a flourescent condensation product

(Hantzsch reaction). The lowest detection levels are 0.05 mg/ml and

0.10 mg/ml for cholesterol and triglycerides, respectively.

10. Assay Method for IgG Subclasses

Quantitation of IgG subclasses is accomplished by using a double

antibody, radio labelled 1125 assay. Assays are performed by Dr.

William Yount, Dept. of Medicine, University of North Carolina at

Chapel Hill. Samples are diluted from 1/1000 to 1/100,000. The

specific IgG subclass antibody is added and incubated overnight.

The 131 labelled subclass IgG (purified from human IgG Pubclass

monoclonal myeloma sera) is added and incubated for two hours.

Following this incubation, the second antibody is added and incu-

bated overnight. The precLpitate is washed three times and

radioactivity measured and compared with a standard. For human

%- . " - - - , , .-
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subclasses IgG 1 and IgG 3 , the first antibody is a rabbit anti-human

IgCG and IgC3, and the second antibody is a goat anti-rabbit IgG.

"For human subclasses IgG2 and IgG4 and the second antibody is a goat

anti-monkey IgG. The sensitivity and reproducibility of the method

permits accurate measurement of es little as 0.0002 mg/mi of an IgG

"subclass.

11. Plasminogen Assay

Chromogenic substrate S-2251 (Kabi Diagnostica, Stockholm, Sweden)
.. .. ,

is a synthetic peptide which is used for the detection of the enzyme

plasmin. When S-2251 is reacted with plasmin, a chromophore is

released causing a spectrophotometric increase at 405 nm. The

"substrate is sufficiently specific and sensitive to measure 0.01

CTA1 units/ml of plasmin. Trypsin and glandular kallikrein will

react with E-2251 but to a lesser extent than plasmin. Most enzymes

(including thrombin, factor Xa, plasma kallikrein and urokinese)

have little or no effect on this substrate. The assay involves the

addition of streptokinase (Cat. #S-3134, Sigma, St. Louis, MO) to

"diluted plasma samples which results in a plasminogen-streptokinase

complex which has enzymatic activity. Since streptokinase is added

in excess, no free plasminogen is left to be activated to plasmin

and the complex is not inhibited by plasma inhibitors. Thus, we are

1 Committee on Thrombolytic Activity

~ (Z,
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measuring total plasminogen (potential plasmin) plus plasmin which

is not bound to any inhibitor.

"Our plasminogen standard is human plasma from eight donors. Equal

volumes of plasma from the donors are mixed and dispensed into 2 ml

aliquots. The plasma is stored at -57*C. The plasminogen content

of the standard plasma (2.69 CTA units/ml) is determined from a

standard curve preoared from purified plasmin (10.2 CTA units/ml,

supplied by Dr. B. Alving, Bureau of Biologics, Bethesda, Maryland).

On the day of each assay, 2 ml of standard plasma is thawed at 37*C

and then kept on ice.

Samples and standards are diluted 1:41 in a pH 7.4 Tris buffer

(50 mM Tris, 12 mM NaCl). Assays can be performed between pH 6.5

and pH 9.-0. Each sample, 200 ul ,is dispensed into a 12 X 75 m

borosilicate glass test tube and incubated for 5 minutes at 370C.

Streptokinase (10,000 IU/ml in H2 0, 37°C), 1000 ul, is added to each

sample. Incubation continues for exactly 10 minutes. Substrate

solution (0.86 mM S-2251 in pH 7.4 Tris), 700 )i, is added to each

sample, mixed and monitored at 37°C, 405 nm (Model 2600

Spectrophotometer, Gilford) in pre-heated, 1 cm semi-microcuvettes.

A nine point standard curve is constructed ranging from 0.00 CTA

units/ml to 4.04 CTA units/ml. The plasminogen concentration is

plotted against the &A405/min. and a linear regression analysis is

performed.

N-'2"
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The reaction rate increases linearly with increasing concentration of

plasminogen. The plasminogen concentration of each unknown is

calculated by entering the AA405/min. of the unknown into the linear

regression formula. The AA405/min. is the average of a five minute

reading. For each sample, the absorbance at 405 nm is plotted to

verify a linear rate increase throughout the entire 5 minute period.

When our standard plasma (2.69 CTA units/ml) is diluted 1:250

(0.01 CTA units/ml) followed by the 1:41 dilution in pH 7.4 Tris

buffer, a AA405/min. of 0.001 is observed (0.005 over a five minute

"period) which is easily measurable on our instrument. Thus, the

lowest detection level possible is 0.01 CTA units/ml. Repeated

testing of the same sample yields results which are reproducible

within +0.10 CTA units/ml.

"12. Prekallikrein Assay

Substrate S-2302 (Kabi Diagnostica, Stockholm, Sweden) is used for

the detection of plasma kalliki-ein. The plasma kallikrein formed

catalyzes the splitting of the chromophore p-nitroaniline (pNA) from

the substrate H-D-Pro-Phe-Arg-pNA. The rate at which pNA is

released is measured photometrically at 405 nm. The substrate is

sufficiently specific and sensitive to measure 0.1 pg/ml of plasma

kallikrein. Other enzymes, including plasmin, will react with

S-2302 but to a lesser extent than plasma kallikrein" The assay

involves the activation of prekallikrein to kallikrein by an activa-

6-. tor (Plasma prekallikrein activator, Kabi Diagnostica) consisting of
t., ,%iml



31

a mixture of ellagic acid, cephalin, Hageman factor and high molecu-

lar weight kininogen in Tris-HCl buffer (50 mM, pH 7.8). By using

citrated plasma in a diluted system and a short activation time, the

wethod is only slightly influenced by inhibitors of kallikrein.

Thus, we are measuring the total prekallikrein (potential

kallikrein) plus free kallikrein which is not bound to any

inhibitor.

Our prekallikrein standard is human plasma from eight donors. Equal

volumes of plasma from the donors are mixed and dispensed into 2 ml

aliquots and stored at -70*C. The prekallikrein content of the

standard plasma is 30.0 ug/ml. On the day of each assay, 2 ml of

standard plasma is thawed at 37*C and then kept at room temperature.

Samples and standards are diluted 1:61 it. a pH 7.8 Tris buffer

(50 mM Tris-HCl). Assays are performed at pH 7.8+0.2. Activator,

200 pl, is incubated at 37*C in a 5 ml plastic test tube for 3 to 4

minutes. Standards or samples, 200 yl, are added, mixed and incu-

bated at 37*C for 2 minutes. Substrate solution (2 mM S-2302 in

pH 7.8 Tris), 200 ,l is added to epch sample, mixed and monitored at

405 nm (Model 2600 Spectrophotometer, Gilford), 37*C, in pre-heated,

1 cm semi-microcuvettes.

An eight point standard curve is constructed ranging from 0 yg/ml to

37.5 Pg/ml. The prekallikrein concentration is plotted against the

AA405/min. and a linear regression analysis is performed. The reac-

tion rate increases linearly with increasing concentration of pre-

%It .2
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kallikrein. The prekallikrein concentration of each unknown is

calculated by entering the AA405/min. of tLe unknown into the linear

regression formula. The AA405/min. is the average of a two minute

reading. For each sample, the absorbance at 405 nm is plotted to

verify a linear rate increase throughout tbha en.ire 2 minute period.

When our standard plasma (30.0 jg/ml) is diluted 1:250 (0.12 pag/ml)

"followed by the 1:61 dilution in pH 7.8 rris buffer, the AA405/min.

is easily measurable on our instrument. Repeated testing of the

same sample yields results which are reproducible within +.20 yg/ml.

13. Circulatory Half-Life

"It was initially proposed that the circulatory half-life of the IVBG

final products be determined by our laboratory. Testing was done by

intravenously injecting normal rabbits with final prcduct and then

at given intervals, serum samples were drawn from each animal.

"Anti-human gamma globulin radial immunodiffusion plates (Cat. #525,

Kallestad Labs.) were used to quantitate the level and reduction of

circulating human IgG in the rabbits' sera over time.

It was later decided that the half-life studies be conducted by

USAMRIID in monkeys and human volunteers. The half-life of the

neutralizing activity, not the circulating IgG will be measured by

their method.

11MV
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, 14. Anti-Complementary Activity

Samples of each final product are being tested for the presence of

anti-complementary activity by Dr. Henry Gewurz, department of

"Immunology, Rush-Presbyterian, St. Luke's Medical CenL!r, Chicago,

Illinois. An enzyme assay will be used to determine the amount of

final product protein required to bind 50% of the Clq in a standard

• solution.

15. Limited Proteolysis of IgG by Plasmin

Plasmin in an endopeptidase which cleaves arginine-lysine or valine-
isoleucine peptide bonds. Human plasminogen (#51H304, 120 units/mg,

"Worthington Biochemicals, Freehold, NJ) is converted to plasmin by

the addition of urokinase (#A18A, 1700 Plough units per vial, Leo

Pharmaceuticals, Ballerup, Denmark). The ratio of Plough units to

plasmin units is 2:1 at 9 mg/ml plasmin in a pH 8.0 Tris buffer

(50 mM Tris, 100 mM NaCl, 20 mM glycine, 25% glycerol). IgG,

"plasmin, (38 mg:l mg ratio) buffer and normal saline are mixed and

incubated sterilely for 8 hours at 37*C. The final concentration of

ingredients is 30 mg/ml IgG, 0.8 mg/ml (89 units/ml) plasmin, and

7 mM Tris-HCl (pH 8.0, 114 mM NaCI, 3 mM glycine, 4% glycerol). As

a control, IgG samples are incubated at 37%C as above except that

plasmin is omitted. Degradation is stopped by freezing the samples

at -57*C. Anaylsis of the IgG degradation is done by HPLEC.

%

.77.
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% ""% D. Shelf Life Study

For the purpose of studying the physical and biological stability of the

final product preparations, shelf-life studies were initiated after each

bottling.

Thirteen to twenty vials of final product were placed at various tem-

, peratures and will be assayed at the time intervals listed below:

Temperature Storage Time

37 0 C 6 months, 18 months, 36 months

room temperature 6 months, 18 months, 36 months
"4C 6 months, 18 months, 36 months

".-20C 6 months, 18 months, 36 months

These will be assayed for the presence of split products by HPLEC, immu-

"noelectrophoresis and isoelectric focusing. Levels of prekallikrein and

plasminogen will be determined.

As close as possible to the dates listed below, an aliquot of each vial

will be sent to Fort Detrick for determining the neutralizing antibody

activity to botulinal toxins, A, B, C, D and E.

,.'%
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IVBG-lA IVBG-1B IVBG-2A IVBG-2B

. 4/28/82 11/10/82 2/04/83 3/03/83 6 month samples

4/28/83 11/10/83 2/04/84 3/03/84 18 maonth samples

" 10/10/84 5/10/85 8/04/85 9/03/85 36 month samples

All data obtained will be collated and sent to Fort Detrick. A copy will

be filed in the ALG Laboratory IVBG log book.

% (
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II. Results

A. Fractionation

The two major steps in plasma fractionation are silicon dioxide treatment

(SiO2 ) and QAE A-50 sephadex anion exchange chromatography. SiO2 removes

or substantially reduces concentrations of plasminogen, prekallikrein,

triglycerides, cholesterol, alpha-lipoprotein, beta-lipoprotein, clotting

factors, fibrinogen and complement components in the plasma pool. The

effect of SiO2 is demonstrated by comparing the concentration of these

plasma components in the plasma pool with the concentration at the

pre-QAE stage. The QAE procedure isolates IgG from the remaining

protein. The effect of QAE is demonstrated by comparing the con-

centration of various proteins in the pre-QAE stage with the final pro-

duct. The SiO2 and QAE procedures are the only procedures that

substantially change the relative concentration of various plasma com-,

ponents. Other procedures remove particulates, exchange buffers, or

4. change the concentration of all macromolecular components equally. For

thic reason the data presented in this section refers to plasma pool,

pre-QAE (post SiO2 ) and final product (post QAE) stages of fractionation.

Variables that affect the efficiency of these procedures are carefully

controlled and monitored. When necessary, adjustments in these variables

are made. The variables that affect the SiO2 and QAE procedures, the

results of these procedures and sequence of fractionation steps for each

lot are presented in this section.

4
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1. Flow Sheets

The general procedures used in the preparation of the four lots

IVBG-lA, IVBG-1B, IVBG-2A and IVBG-2B are described in the

Fractionation Methods section and are shown in Flow Sheet 1. Flow

Sheets 2, 3, 4 and 5 for IVBG-IA, IVBG-lB, IVBG-2A and IVBG-2B

respectively, show in greater detail the sequence and condition of

the fractionation procedure, as well as the volumes, grams total

protein and grams of IgG. Differences in the procedures from lot to

lot apparent in the flow sheets result from changes made to maximize

yields or ensure purity of the final product. For example, the SiO2

concentration of 28 gm/l in IVBG-lA was increased to 30 gm/l to

obtain complete removal of triglycerides before the QAE step. On

IVBG-lA a second QAE procedure was done (QAE 2) to ensure complete

removal of alpha-2 macroglobulin; on the following lots this QAE 2

step was not necessary. The difference in sterile filtration vol-

mes of 302 liters for IVBG-IA and 209 liters for IVBG-IB was the

result of adjustments made in the Si0 2 cake wash procedures. In

.Flow Sheet 3 for IVBG-B two extra steps are shown. First, the

addition of IVBG-IA remnants represents IgG produced in the frac-

tionation of IVBG-1A by not bottled with that lot. Second, the

"second bottling" of IVBG-lB was done because a white rin: -f pro-

tein had formed around the vial stoppers during storage at 4*C. The

reason for these adjustment or modifications of procedures and the

results of the major fractionation procedures are presented in this

section.

00
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2. Plasma Pool (Table II)

At the time of processsing, our facility was best suited for

"-" ~handling lot volumes of 200-300 liters. For this reason the plasma

was processed in four lots of nearly equal volumes. Plasma pool

"volumes ranged from 230 liters to 240 liters with from 682 to 699

units being used in each lot. The plasma pool volume, the number of

units, the source of the plasma and the date of plasma receipt of

each lot is shown in Table II.

As the plasma units were thawed two things were noted. First, many

of the transfer packs were damaged and plasma had started to leak

C' from these bags. The incidence of broken bags was much higher in

the shipment from Michigan (approximately 50%) than in the USAMRIID

shipment (approximately 10%). Second, all of the plasma was highly

lipemic, more so than the cryopoor plasma that we usually process.

3. SiO2 Treatment

•' When a fumed silica powder such as Aerosil 380 is added under

controlled conditions to plasma, certain plasma components are pre-

ferentially adsorbed onto the surface of the silica particles. The

particle and adsorbed protein complex may then be removed by sedi-

mentation. In general, all proteins are adsorbed to some extent but

sore are so efficiently bound as to be quantitatively removed by this

procedure.

0 C
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A discussion of some of the effects of silica on the treatment of

plasma in the preparation of organ perfusion solutions may be found

"in Appendex Al.

-2 Unwanted plasma components that are removed or substantially reduced

by SiO2 treatment are plasminogen, prekallikrein, triglycerides,

cholesterol, alpha-lipoprotein, beta-lipoprotein, clotting factors,

fibrinogen and complement components. Removal of these proteins

results in a highly stable, clarified protein solution.

In the application of this procedure to the treatment of the IVBG

plasma pools, the high level of lipids had to be considered in order

*. to determine the amount and the conditions of the addition and pro-

cessing of the SiO2 . The addition of two or three small amounts of

SiO2 with the removal of SiO2 and adsorbed proteins after each

addition is known to give better yields than the addition of the

"bame total amount of SiO2 at one time. Also, it has been shown

recently in our lab that lowering the pH down to 5.5 requires less

.4. SiO2  to achieve the desired removal of unwanted components and thus

gives higher IgG yields.

FV. Mi. the plasma was adjusted to pH 5.5 with 6 molar acetic

acid and three SiO2 additions were done. After the first addition

"of 18 grams of SiO2 per liter of plasma pool volume and the second

addition gm/l, the cakes were washed twice and the recovered

protein set aside. A final 5 gm/l addition was done and all the pro-

tein was combined and centrifuged. Because this combination of con-

- ..
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SI•...

e, "-- ditions did not completely remove triglycerides from the plasma pool

(0.13 mg/ml remaining in the pre-QAE sample, see Table III), the

IVBG-lB pool was not acidified and was treated with two SiO2 addi-

tions of 20 gm/i and 10 gm/l to ensure the complete removal of

unwanted components. The SiO2 cakes were not washed on this lot.

For lots IVBG-2A and 2B two SiO2 additions of 20 gm/l and 10 gm/l

were done on each with the SiO2 cakes from the 10 gw/l addition

being washed twice. Protein recovered from the washes was added to

the final post SiO2 centrifugation as in IVBG-IA.

Removal of Lipoprotein (Table III) - Removal of the lipid components

S..' in the plasmaa pool is important in several respects. The presence

Sof high concentrations of lipids can make sterile filtration and

I ,'ultrafiltration impossible. In addition, the QAE resin is not able

to remove large quantities of lipids. If the correct amount of SiO2

-S.• is added to the plasma, the lipids will bt removed. For ordinary

"plasma, 20 gm/l is sufficient. For IVBG plasma pools, 30 gm/l was

"necessary. The lipid concentrations in the four IVBG plasma pools

"ranged from 0.55 mg of alpha-lipoprotein (HDL) per ml of plasma to

"3.06 mg/ml for beta-lipoprotein (LDL). Triglyceride and cholesterol

levels were intermediate within this range. Table III shows the

levels of triglycerides, cholesterol, alpha-lipoprotein, and beta-

"lipoprotein in the plasma pool, pre-QAE and final product samples.

The SiO2 treatment reduced the levels of all four components to

undetectable levels in every lot with the exception of IVBG-lA in

which 0.13 mg/ml of triglyceride was still present in the pre-QAE

/" sample. Anion exchange chromatography removed this residual amount.

% ,
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Removal of Plasminogen and Prekallikrein (Table IV) - Plasminogen

and prekallikrein are proenzymes whi..h, in the presence of activa-

tors, can degrade other proteins. For this reason they must be

removed. When plasminogen was measured in IVBG plasma pools, con-

centrations of 3.06 to 3.52 CTA U/ml were found. This represents as

much as 841,OCO total units of activity (IVBG-2B). Following SiO2
- ., .*q

treatment, plasminogen was not detected in any samples.

Prekallikrein concentration in the plasma pool ranged from 4.1 to

11.2 micrograms/ml. SiO2 treatment reduces the total amount of pre-

kallikrein by an average of 88%. QAE reduces the re- Lning pre-

kallikrein for a total average removal of 99%. The prekallikrein

"concentration in the final product ranged from 0.5 to 3.8 micrograms

per ml. Table IV contains the complete set of values for both

plasminogen and prekallikrein in the fractionation samples.

Effect on IgG and IgG Subclasses (Table V) - The yield of total IgG

through the SiO2 step averaged 67.3% with a maximum of 75% for

IVBG-lB and a minimum of 53% for IVBG-2B. Treatment with SiO2 con-

sistently results in the nearly complete removal of the IgG 3

subclass. The IgG 3 values shown in Table V for IVBG-2A and IVBG-2B

are far above the expected normal range and suggest an error in the

determination. For this reason Ramples of IVBG-2A and IVBG-2B have

been resubmittea for subclass determinations. For IVBG-IA and

IVBG-IB the indicated subclass yields were normal. The average

yield following SiO2 treatment was 88.5% for IgG 1 , 57.5% for IgG 2 ,
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0.45% for IgG3 , aiud 91.0% for IgG4 . The total IgG grams and percent

yields discussed here and shown in Table V are based on the amount

"of IgG produced in each lot without adjustment for the 73 gram

carryover from IVBG-IA to the IVBG-lB bottling.

4. QAE A-50 Anion Exchange Chromatography (Table VI)

Anion exchange liquid chromatography on QAE A-50 Sephadex is used to

isolate native IgG from the stabilized pre-QAE protein solution. A

number of critical variables are carefully controlled to obtain the

maximum efficiency, yield and above all, purity from this procedure.

pH and Conductivity - The most critical variables are the pH and

Sconductivity of the plasma, QAE and buffers. At a pH of 6.6 and a

conductivity of 5.85 mS at 21*C, all of the pre-QAE plasma com-

ponents bind to the QAE except IgG. IgG molecules which

have isoelectric points near or above neutrality pass through the

column without interacting with the QAE. The pH and conductivity of

the process is determined by equilibrating the QAE, diafiltering the

plasma, and eluting the IgG off the QAE with a pH 6.6, 0.0194 M imi-

dazole, 0.0888 M acetate buffer which has a conductivity of 5.85 mS

-".' at 21*C. A higher pH or lower conductivity results in loss of yield

(increased binding of IgG). A lower pH or higher conductivity

results in the elution of non-IgG proteins such as transferrin.

.>'. =
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-:•:, Load, gm protein/gm Sephadex - The next most critical factor is

the ratio of total protein applied to the given grams of QAE in

the column. If the quantity of protein that must be retained by

the column exceeds the number of available binding sites, the

column becomes overloaded and contamination of the IgG results.

The first protein to break through under these conditions is

•. alpha-2-macroglobulin. To avoid this, a maximum safe load is

determined by experimentation and a load as close to this as

"possible is applied. Lower loads represent an inefficient use of

.'.., materials. Loads used for the IVBG lots were restricted to a

narrow range with maximum of 1.50 of IVBG-2A and a minimum of 1.37

"'.- on IVBG-2B.

"Protein Concentration - The concentration of the protein applied

to the column is also important. For a given load, a low con-

centration will require much larger volumes of protein to be

applied. This increased volume may result in the elution of

weakly bound contaminants from the resin. Also, higher applied

concentration yields high IgG concentrations in the effluent

resulting in less potential for low concentration induced dena-

turation. Protein concentrations above 80 mg/ml are too viscous

"for proper flow through the column. The concentration of protein

440 applied to the column was carefully controlled to 80 mg/ml +

0.7 mg/ml.

Table VI shows the actual protein concentration, total volume and

ratio of protein to QAE or load applied to the column.

ALI.
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-IgG and IgG Subclass Yields - Table VI shows the yield of total

IgG through the QAE procedure in grams, as percent of the IgG

applied, and as a percent of total protein applied. An average of

74.4% of the IgG applied to the QAE was recovered. The total IgG

and IgG subclass yields for the main fractionation steps are shown

in Tdble V. The final product yields of total IgG were 51%, 54%,

48%, and 34% for lots IVBG-IA. IVBG-lB, IVBG-2A, and IVBG-2B

respectively. Final product samples for IVBG-2A and IVBG-2B have

been resubmitted for subclass determinations. The average

subclass yields for IVBG-1A and IVBG-lB were 67.5% for IgG1, 42.0%

for IgG2, 1.2% for IgG3 , and 5.0% for IgG4. As previously

discussed the low yield of IgG3 is due to SiO2 treatment. The low

yield of IgG4 is a result of the QAE procedure which reduced IgG 4

concentrations an average of 94.3%.

Removal of Some Plasma Proteins - It should be noted that the

pre-QAE plasma is always concentrated to 80 mg protein/ml as com-

pared to 50 mg protein/ml of the starting plasma pool. The con-

centration of transferrin, alpha-2-macroglobulin, hemopexin and

albumin were measured by RID in the three major fractionation

samples from each lot (Table VII). It can be seen that hemopexin

is reduced by SiO2  treatment of the plasma pool. The other three

proteins albumin, alpha-2-macroglobulin and transferrin are not

reduced significantly by SiO2 . However, following column chroma-

tography, hemopexin, alpha-2-macroglobulin, and albumin were not

S ,'• detectab le .

"i~
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Removal of IgA and IgM (Table VII) - The concentration of IgA,

IgM, and IgG were measured in the fractionation samples from all

four lots by radial immunodiffusion. This data is shown in

Table VII. By comparison to IgG and IgA, IgM is selectively removed

in part by Si0 2 . This is demonstrated by the fact that the 1gM

concentration does not increase from the plasma pool sample to the

pre-QAE sample as does the total protein and the IgG and IgA.

Pre-QAE IgM concentrations average 0.81 mg/m!. After the QAE proce-

dure, IgM was not detectable by RID. IgA, with an average pre-QAE

I Ik concentration of 2.5 mg/ml, appeared to be removed only by QAE.

However, the IgA radial immunodiffusion plates showed an unquan-

"tifiable precipitin ring for the final product samples of all four

"<-- loLs. This may represent the presence of IgA. Caution should be

taken when IVBG is administered to individuals known to be deficient

in IgA.

5. Total Fractionation Yields (Table IX)

Historically, fractionation of human plasma by the Cohn Method has

"yielded less than 40% of the IgG in the starting plasma. The pri-

mary purpose in using an ion exchange chromatography separation in

- this project was to produce an undenatured, native, intact IgG with

high purity, good yields and which is suitable and safe for intrave-

nous administration. Our method of fractionation has yielded at

%, least 50% recovery of total IgG. The volumes, grams of total pro-

V.' tein, percent yield, IgG grams, and percent yields from all four
S -.

lots are summarized in Table IV end Figure 2.

I.7
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'~-•. The actual bottled yields of final product were 609.8 grams for

IVBG-1A, 614.5 grams for IVBG-1B (rebottled), 622.7 grams for

"IVBG-2A, and 454.2 grams for IVBG-2B for a total of ,301.2 grams.

These values are based on biuret determination. The total percent

yields range from 5.46% (grams of final product bottled per 100

grams of plasma pool) protein for IVBG-IA to 3.83% for IVBG-2B.

"The volumes, grams of total protein, total protein percent yield,

IgG grams and percent yields for fractionation samples from all four

lots are shown in Table IY. IgG determinations were done by RID

and are less accurate than the biuret determinations.

Figure 2 presents the percent yield for total protein and IgG in

ionic graph form. The final product values are not adjusted for the

I.-' IVBG-lA and IVBG-IB bottling changes.

•,

.: II. Results

B. Bottling, Storage, Labels and Ship,-ing

1. Bottling Yields

The bottling dates and yields for each lot are indicated on Table X,

Final Product Summary I. All filter types and lot numbers are also

"shown. These lots were bottled between October 1981 and

August 1982. The protein concentration of the final products was

elm •103-108 mg/ml. The total number of grams bottled was: IVBG-lA,

,. 7.--v- 1
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609.76, IVBG-1B, 614.5 (rebottled), IVBG-2A, 622.65, and IVBG-2B,

454.23. The total number of vials and grams that were available for

shipment to USAMRIID equals the total number of vials and grams

bottled less the amount of product required for testing purposes.

Lot IVBG-1B was rebottled seven months after the initial bottling.

"This was done because protein had dried during 4*C storage alonr the

inside flange of the red rubber stopper. The vials were opened, the

contents pooled, high speed spun and rebottled. This resulted in a

90 gram loss of product available for shipment due to handling and

testing.

2. Storage, Labelling and Shipping

As soon as the antitoxin neutralizing activity had been determined

%4 ' and reported, the custom labels were printed with the appropriately

reduced titers. The vials were then labelled and transferred from

4*C to -20*C storage.

N nIVBG-lA was stored at 4°C for 6 months before being labelled and

frozen.

!VBG-lB was stored at 40C for 7 months. It was then rebottled,

labelled and frozen immediately.

IVBG-2A and 2B were stored at 4*C for 4 and 5 months respectively

before being labelled and frozen.

@1
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--. .... Within two weeks of labelling and freezing, the final products were

shipped to Fort Detrick. The shipment dates and number of vials and

grams shipped per lot are listed below:

IVBG-lA April 5, 1982 537 vials 553.11 grams

IVBG-IB Jan. 4, 1983 535 vials 577.8 grams

IVBG-2A Nov. 23, 1982 536 vials 562.8 grams

* . IVBG-2B Jan. 11, 1983 389 vials 400.67 grams

SThese materials were packed on dry ice in Styrofoam boxes and

.- • shipped air, overnight service. As soon as they were received at

Fort Detrick the materials were placed in the USAMRIID freezer faci-

-•lity.

,•. II. Results

S.C. Testing

Several vials of each final product were used for testing purposes

(34-56 vials, Table X).

"As required by the FDA-CFR Part 610, Subpart B, General Provisions, the

following various tests were performed using these vials to determine the

•.*- sterility, safety, purity and potency of the final products. All the

quality assurance and potency testing was completed before the products

were shipped to USAMRIID. The results of these tests are shown on table

XI, Final Product Summary II, Testing.

•;-~ ,.:
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1". Sterility (Appendix D 1-4)

No growth appeared in any of the thioglycollate or soybean casein

digest medium cultures. Therefore, all four lots were determined to

"be sterile. Reports submitted by Economics Laboratories, Inc. are

found in Appendix D-I(IVBG-lA), D-2(IVBG-IB), D-3(IVBG-2A), and

D-4(IVBG-2B).

2. Pyrogen Test (Appendix E 1-4)

As shown in Figures 3, 4, 5 and 6, no rabbit's temperature deviated

0.6*C or higher above its respective baseline temperature (as indi-

cated by the dotted line of the bar graph). Therefore, these lots

passed the test for the absence of pyrogenic substances. A copy of

the pyrogen testing data sheets for each lot is found in Appendix

E-1(1-4), E-2(IVBG-IB), E-3(IVBG-2A), and E-4(IVBG-2B).

3. renial Safety Test (Appendix F 1-4)

All animals injected with these final, products rem3ined overtly

healthy and gained weight during the test period. Each lot passed

the requirements of the General Safety Test. Pre-test and post-test

injection weights of the animals used for these tests are shown in

Appendix F-l(IVBG-IA), F-2(IVBG-IB), F-3(IVBG-2A), and F-4(IVBG-2B).
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4. Hepatitis (Appendix G 1-4)

Results of the hepatitis B surface antigen/antibody testing are

"shown in Appendices G-1(IVBG-IA), G-2(IVBG-1B), G-3(IVBG-2A), and

G-4(IVBG-2B). All four lots were negative for hepatitis antigen and

positive for anti-hepatitis antibody.

5. Neutralizing activity (Table XII; Figure 2)

The neutralizing activity (IU/ml) and specific activity (IU/mg) for

each lot are seen on Table XII. All four lots were tested for acti-

vity against toxin types A, B, C, D and E.

"IVBG-IA and IVBG-IB were fractionated from the Michigan plasma. The

V. antitoxin titers of these two lots are quite similar, within the

"accepted range of the test procedure.

¾.A? IVBG-2A and IVBG-2B were fractionated from the USAMRIID plasma. The

IVBG-2B titers are lower than the IVBG-2A titers. This difference

again is probably due to the method used for titering and is not due

to any biological or physical differences in these two products.

The titers were reduced by 10% and reported as greater than the

"adjusted" titer on the final product labels (i.e. actual titer:

224.0, labelled titer: >201). This reducLion was done for all
J.

antitoxin titers for all four lots. (Compare the titers, Table XII

"with those printed on the final product labels, Figure 1.)

o. p



-7"

51

6. Immunoelectrophoresis CIEP)

Photographs of the stained immunoelectrophoresis agarose films are

shown in Figures 7, 8, 9, and 10. All the final products were pre-

cipitated with anti-whole human serum. Lot number IVBG-2A was

tested against anti-human total immunoglobulin and anti-human IgG in

"* . "addition to anti-whole human serum.

The precipitation bands of all the final products are characteristic

for intact human IgG. A minnr arc appears in each final product

precipitated with anti-whole human serum. This protein, determined

by RID and IEP to be IgA, constitutes less than 0.2% of the total

final product protein (see Table VIII and Figure 11). These pre-

parations are to be used with caution in those individuals know to

Y-. •have an IgA deficiency.

.'. 7. Analytical and Preparative Isoelectric Focusing (IEF)

Analytical - Focusing is used to determine the isoelectric range and

the purity of proteins. Samples of the final products are analyti-

cally focused in a pH gradient from 3.5 to 9.5. Human plasma con-

tains four subclasses of IgG. IgGI, 60% of the total IgG, is the

predominant subclass followed by 29.5% IgG2 , 7.5% IgG3 and 3% IgG4

(7). The normal isoelectric range (8) for IgG1 is plj 6.6 to 9.5.

IgG 2 and IgG3 also fo-us i- the basic ranges from pH 6.4 to 8.3 and

pH 8.2 to 9.0, respectively. The most acidic immunoglobulin, IgG4 ,

*' focuses in the range from pH 5.7 to 6.2. All final products exhibit

a normal isoelectric range from pH 5.6 to pH 9.2 (Figures 12-15).

Lot I

".. . .- - . . .
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For comparison, the more acidic banding pattern indicative of

fragmentation is illustrated (Figure 12) with fresh and aged commer-

"cial gamma globulins focused along with IVBG-1A. No fragmentation

has occurred during fractionation and purification of the antibotu-

linal toxin final products.

Preparative - Preparative flatbed isoelectric focusing of IVBG-lA

final product (Figure 16) shows the isoelectric range to be from

pH 5.6 to 9.2. The immunoglobulins are not evenly distributed over

the entire pH range but exist in varying conc-ntrations, as deter-

mined by absorbance at 280 nm dependent upon isoelectric point. The

K.• highest concentration of immunoglobulins is found at pH 7.75. As

the pH becomes more basic, the immunoglobulin concentration drops

until pH 8.2 when it rises again to a secon~d, smaller peak at pH 8.4

to 8.6.

If all the immunog .bulins were capable of neutralizing Type A botu-

linal toxin, we would expect to see a graph of neutralizing activity

that could be superimposed upon a graph of immunoglobulin con-

centration. This, however, is not the case. There is toxin neutra-

lizing antibody from pH 7.1 to 9.1 with a maximal activity at

pH 8.75. Thus, the major neutralizing antibody is located in a

baaic isoelectric range corresponding to the isoelectric range of

IgG1 , the most predominant zubclass of IgG. Immunoglobulins with

isoelectric points below pH 7.2 do not have measurable neutralizing

activity against Type A botulinal toxin.

7""hi. •
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8. HPLEC

Size exclusion chromatography is used to separate proteins by mole-

"cular weight. Specifically, it is used to determine the amount of

"high molecular weight aggregates, trimers, dimers, and monomers of

IgG, and low molecular weight fragments in our IVBG final products.

The HPLEC eluti•. \,ni-les of IVBG-1A, 1B, 2A and 2B final products

(Figure 17) show one large peak (average 95.4% of the total area) at

155,000 daltons, dimers of IgG (average 3.9%) and aggregates

(average 0.7%). There are no low molecular weight fragments in

these final products. Thus, all final products possess the struc-

tural characteristics of human IgG, i.e. MW 155,000, and contain

less than 1% aggregates d less than 1% fragments (Table XI).

9. IgG Subclasses

The subclass composition of IVBG-lA and IVBG-2B final products

(Table XIII) is compared to the subclass composition of two commer-

cial IgG preparations. Our preparations consist mainly of IgG1

(88.9% average) and IgG 2 (10.5% average) which accounts for 99.4% of

the total IgG (Tables XI and XIII). The Cutter I.V. IgG is devoid

of measurable IgG3. The Hyland ISG, prepared by cold EtOH precipi-

tation, contains lower levels of IgGl and IgG 2 and contains a higher

level of IgG 3 than IVBG-IA, IVBG-lB or the Cutter I.V. IgG.

Subclass composition on IVBG-2A and IVBG-2B are being repeated for

. kreasons described earlier. Upon completion, these results will be

sent to USAMRIID.

%
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10. Plasminogen

There is no detectable level of plasminogen in the IVBG final pro-

"duct samples (Table XIV). Plasmin contamination is undesirable,

since it leads to a type of instability where functional antibody

molecules are rendered inactive. However, its role in the product

of adverse reactions has not been documented.

11. Prekallikrein

Although native IgG produced in this laboratory is free of pre-

kallikrein activator (PKA) (performed by Dr. Barbara Alving, Bureau

of Biologics), our native IgG does contain measurable amounts of

prekallikrein (Table XIV) which can be activated to kallikrein upon

"the addition of activator (Factor XIIa + HMW kininogen). The most

efficient removal of prekallikrein was accomplished in lots IVBG-1A,

L, IVBG-2A and IVBG-2B. At present, there is no evidence to suggest

any deleterious effects of trace amounts of prekallikrein in human

I.V. gamma globulin preparations.

12. Circulatory Half-Life

Six rabbits were intravenously injected with 100 mg/kg of IVBC-'lA

final product. They were bled 5 minutes after injection. These

samples were used to determine the initial level of circulating

human IgG. Each rabbit was subsequently bled at 4, 8, 24, 48, 96,

144, 192 and 240 hours. The circulating human IgG in these samples

hop was quantitated by the Mancini radial immunodiffusion assay. A two-

~%
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slope clearance curve was obtained from the two-phase elimination

from circulation in the hours following injection of the product.

During the first 24 hour period the initial circulating level was

reduced by 50% in approximately 6 hours. Following this equilibra-

tion phase the circulatory half-life was calculated to 70 hours.

The half-life studies, done by USAMRIID to determine the circulating

neutralizing activity are in progress. These results will be sub-

mitted to USAMRIID upon completion.

13. Anti-Complementary Activity

Anti-complementary activity--in progress. The results will be sub-

mitted to USAMRIID upon completion.

14. Limited Proteolysis by Plasmin

Samples of IVBG-lA, IVBG-lB and a commercial I.M. gamma globulin

prepared by cold EtOH fractionation were subjected to proteolysis by

the enzyme plasmin for 8 hours at 370 C (Figure 18). As a
control, the same samples were incubated for 8 hours at 37°C without

plasmin. HPLEC analysis of this experiment shows that the IVBG

samples were less susceptable to plasmin degradation than tho com-

mercial IgG preparations. The IVBG-IA and IVBG-lB samples were

degraded to 56% IgG monomers, 17% F(ab') 2 , and 26% Fc fragments. In

contrast, the commercial I.M. gamma globulins were degraded to 41%
I..

--IgG monomers, 21% F(ab') 2, and 32% Fc fragments (Table XV).

I.',
v1k.

I.

.It', .
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"II. Results

). Shelf Life Study

The six month shelf-life study of samples stored at 370C, room temperature

(RT) 400 and -20%G have been analyzed from all four lots. The results are

as follows:

1. Neutralizing Activity

The results of the in vivo toxin neutralizing activity testing

of samples stored for 6 months are shown in Table XVI.

Some decreases (and increases) in titer are shown as compared to the

fresh material, but these are within the standard error of the

• testing procedure. Therefore, the titers have not significantly

changed under any of the storage conditions.

2. Imunoeleýztrophoresis (IEP)

When precipitated against anti-whole human serum, the immuno-

electrophoretic mobility of the samples stored for six months

remains unchanged from the freshly bottled material. Only the

samples stored at 37*C show any splitting of the gamma globulin pre-

cipitation arc. The other samples have remained intact. Compare

Figures 7-10 (fresh) and 19-22 (stored 6 months).

Li
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3. Isoelectric Focusing (IEF)

Duplicated aliquots of each stored samp)l? wtŽre isoclectric focused

under the same conditions the fresh samples were tested. In coin-

parison, the pI range of the fresh and stored samples are identical

(5.6-9.2). See Figures 12-15 (fresh) and compare with Figures 23-26

(stored).

4. HPLEC

Sterile samples of each IVBG lot stored for 6 months at 370C, room

temperature, 4*C and -20*C are monitored by HPLEC for changes in

-" concentration of IgG aggregates, trimers, dimers, monomers and

fragments. The results of the 6 month storage study are presented

, in Figures 28-30 and Table XVII. There are no detectable changes in

samples stored at room temperature, 40C and -20oC. However, at 37*C

there is a decrease in monomers from over 90% to between 38-73%.

This reduction in monomers is reflected by increases in aggregates

from less than 1% to between 1 - 16% and an increase in dimers and

trimers from around 4% to between 22 - 45%. These changes are not

seen earlier than 2 months and may reflect the presence of low con-

centrations of cathepsins in the IgG preparation. Studies are in

progress to shed light on these changes.

(

A.._ '-
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5. Plasminogen

There is no detectable level of plasminogen in IVBG-IA, 1B, 2A and

2B final products stored for six months at -20*C, 4*C, room tem-

perature, and 37*C (Table XIV).

6. Prekallikrein

Prekallikrein is present in IVBG-lA, 1B, 2A and 2B final products

stored for six months at -20*C, 4*C, room temperature, and 37*C

(Table XIV). Prekallikrein levels range from 0.4 upg/ml (2B,

6 months, 37C) to 9.7 yg/ml (IA, 6 months, -20*C). The level of

prekallikrein in samples stored at -20*C is generally higher than

the fresh samples.

-N

I..

I..
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* ** Discussion

The purpose of fractionating hyperimmune, human, botulinal plasian is to isolate

the specific botulinal toxin neutralizing antibodies, concentrate them in a state

and purity so that their biological activity will be undiminished (stable) on

long-term storage (years), safe for intravenous administration and possess the

circulatory half-life and distribution of native undenatured plasma

(immunoglobulins).

The ion exchange method of protein separation and purification is based on the

isoelectric point of the proteins. However, immunoglobulins are heterologous,

complex, bifunctional proteins that differ from other plasma proteins in that they

have broad isoelectric regions rather than narrow isoelectric points--a reflection

of their extreme molecular heterogeneity. In hyperimmunized individuals the pre-

@ • dominate toxin neutralizing activity will be found in the molecules of the

immunoglobulin IgG class--which also makes up 70-80% of the total humoral

antibodies in plasma. Therefore, any method to isolate specific neutralizing

activity must isolate IgG rather than IgA or IgM.

Further, IgG is composed of four subclasses--IgGI, IgG2 , IgG3 , and IgG4 . There is

evidence that antibodies to certain groups or types of antigens can be limited to

one or some of the IgG subclasses (7): antibodies to carbohydrates, dextran, or

levan have been found to be exclusively IgG2 molecules, antibodies to antigens on

cell membranes are predominantly IgG1 and IgG3 , auto-antibodies to the blood

clotting factor VIII were identified as IgG4 . Antiplatelet antibodies in autoim-

mune thrombocytopenia purpura appear to be restricted to IgG3. Recently, it has

been reported that over 90% of the herpes virus neutralizing antibodies were also

Q e -i located in the IgG 3 subclass (9).

: -i
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During the past 15 years, a number of observations have shown that in addition to

their antibody properties, IgG nolecules possess biologic activities that Gre

c, ot~Lled by their constant portioa, the Fc framrnt. lhcse aCLkVit.ýi s Way be

common to all four of the IgG subclasses or restricted to some. IgG is the only

*J immunoglobulin class transmitted from the mother to the fetus. It seems that all

"four IgG subclasse. are transported across the placenta. Complement activation by

the classic pathway is accomplished more readily by IgG3 and IgGl, than by IgG2

whereas IgG 4 does not activate at all. These differences are not seen in the

alternate pathway. Also, IgG 1 and IgG 3 are the only subclasses that can induce

-- , phagocytosis of opsonized antigenic particles. IgG 3 does not react with staphylo-

coccal protein A. Finally, and of great importance, IgG subclasses differ in

their metabolic behavior: IgG 3 is more rapidly catabolized than the other three

"subclasses. Its biological half-life is 7 days compared to 21 days for IgGl,

- , • IgG 2 , and IgG 4 .

While the IgG subclasses have broad isoelectric ranges, each subclass does have a

relatively restricted region. Thus, IgG 4 has the most acidic region pl 5.7-6.2,

IgG 1 , the most basic, pl 6.6-9.5, IgG 2 , 6.4-8.3 and IgG 3 , 8.2-9.0.

The relative concentration is of great practical importance since IgG 1 represents

60% of total IgG, IgG 2 30%, IgG 3 5% and IgG 4 2.0%.

"Ideally, the most effective I.V. human, hyperimmune, antibotulinal IgG should contain

only the neutralizing IgG molecules. However, such a preparation could only be

prepared by an affinity method involving immobilized botulinal toxins which are

reacted with hyperimmune plasma and the specific antitoxin molecules eluted and

L'. - concentrated. We have developed methods of isolating the predominant neutralizing

%................-..... .........
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. . activity which is reflected by a high specific toxin neutralizing activity. To

demonstrate this fact we have performed preparative isoelectric focusing of

hyperimmune, human plasma eluting proteins from each segment and determining the

toxin neutralizing activity to botulinal toxin A. These studies show that the

"major neutralizing activity was located in the most basic pl region which allo

"corresponuls to the pl region of the IgGI subclass. Therefore, the ion exchange

"method should isolate and concentrate this relatively high pI region protein.

This is documented in Figure 16 which demonstrates that for the IVBG-IA final pro-

duct, the regio' of highest toxin neutralizing activity is comparable to the highest

pl region of the hyperimmune plasma where the predominate neutralizing activity

-was located.

While IgG 3 is removed in our raethod by SiO2 treatment, the toxin neutralizing

S_ activity is not appreciably affected. This loss of the subclass should have

little effect since IgG 3 has the shortest half-life, 7 days vs. 21 days for IgGI,

and is lowest in relative concentrations, 5% vs. 60% of IgGI.

• '•
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FRACrIINATICN FI.& SHEET 1

.! -,
"-' Plasma Pool

+Addition of Silicon Dioxide, Si02

Removal of SiO2 By Centrifugation
2

Sterilization By 0.2 Micron Filtration

+

Concentration and Buffer Exchange

Anion Exchange Croznarography

Concentration and Buffer Exchange
L+

Sterilization By 0.2 Micron Filtration

+

Bottling

p, 
6
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Fractionation Flow Sheet #2

-" +- (IVBG-IA)

"Protein' Protein IgG
Liters mg/ml grams grams

Plasma Pool 230 .0 48.7 11,190 1325

SiO2 Adsorption 28 gm/1

2
4.°""".....SiO2 Removal: Low-speed spin,

2 Sorvall RC3, 4 0 C, 6975 9.

SiO Removal: High-speed spin,
2 Beckman J2-21, Continuous-flow,

4-C, 32,260 g.

0.2 Micron Sterile Filtration 302.3 27.0 8,149 1026

Concentration and Diafiltration

i Warm-up High-speed Spin: 96.89 79.8 7,734 974
Beckman J2-21, Continuous-flow,
20-C, 32,260 g.

+

QAE 1: A-50 Sephadex, pH 6.6,

Cond. 5.85mS at 21'C

"Concen trat ion

QAE 2: A-50 Sephadex, pH 6.6, 52.0 14.4 747.0 735.8S+ Cond. 5.85mS at 210C

+.:xConcentration and Diafiltration

Warm-up High-speed Spin: 6.039 103.1 622.62 613.2
NA Beckman J2-21, Continuous-flow,

.20C, 39,260 g.

"Pre-filtration 0.2 Micron

SSterile Filtration/Bottling 5.92 103.1 609.76 600.9

[•\• iThe
I .The protein solutions are stored in two or more containers at each stage. The

protein concentration shown is an average of the biuret determination for each
container.

%2i..-.
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"1-% Fractionation Flow Sheet#3
,,• (IVBG-lB)

? ": Protein' Protein IgG

Liters mg/ml grams grams

. Plasma Pool 233.4 51.3 11,985 1211

SiO2 Adsorption 30 gm/l

- SiO Removal: Low-speed spin,
2 Sorvall RC3, 40C, 6975 g.

SiO2 Removal: High-speed spin,
2-Beckman J2-21, Continuous-flow,

4-C, 32,260 g.

0.2 Micron Sterile Filtration 209.0 39.5 8,244 960

4-

Concentration. and Diafiltration

4-
Warm-up High-speed Spin: 98.43 79.3 7,805 909

* °Beckman J2-21, Continuous-flow,
-".K 200C, 32,260 g.

"QAE 1: A-50 Sephadex, pH 6.6, 112.0 6.1 683.0 687
Cond. 5.85mS at 210C

4

Concentration and Diafiltration

+

Addition of IVBG-1A Remnants

Warm-up High-speed Spin: 6.75 108.0 729.0 732.0
Beckman J2-21, Continuous-flow,
20°C, 39,260 g.

Pre-filtration 0.2 Micron

+

Sterile Filtration/Bottling 6.74 108.0 727.92 731.9

+

-Y. Second Bottling 5.69 108.0 614.52 617.9

The protein solutions are stored in two or more containers at each stage. The
protein concentration shown is an average of the biuret determination for each

*1 Container.
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Fractionation Flow Sheet#4

"(IVBG-2A)

Protein' Protein IgG
Liters mg/ml grams jrams

Plasma Pool 234.3 50.8 11,903 1361
+

SiO2 Adsorption 30 gm/l
2

SiO2 Removal: Low-speed spin,

Sorvall RC3, 4*C, 6975 g.

+

SiO Removal: High-speed spin,
Beckman J2-21, Continuous-flow,

4°C, 32,260 g.

+

]•0.2 Micron Sterile Filtration 239.0 34.4 8,225.0 951,4

i Concentration and Diafiltrationj

Warm-up High-speed Spin: 98.60 80.1 7,902.0 914.0
Beckman J2-21, Continuous-flow,
20-C, 32,260 g.

4-

" QAE 1: A-50 Sephadex, pH 6.6 104.0 6.4 661.0 696.9

Cond. 5.85mS at 210C

Concentration and Diafiltration

Warm-up High-speed Spin: 5.92 105.0 621.60 655.3
Beckman J2-21, Continuous-flow,
20-C, 39,260 g.

Pre-filtration 0.2 Micron

Sterile Filtration/Bottling 5.93 105.0 622.65 656.0

S _The protein solutions are stored in two or more containers at each stage. The
>: •- ~ protein concentration shown is an average of the biuret determination for each"''-" container ,

2) ,A
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Fractionation Flow Sheet #5

(IVBG-2B)

Protein-" Protein IgG
Liters mg/ml _raMs grams

Plasma Pool 240.0 49.4 11,844 1313

SiO Adsorption 30 gm/l
2

SiO Removal: Low-speed spin,2 Sorvall RC3, 4°C, 6975 g.

SiO2 Removal: High-speed spin,
2 Beckman J2-21, Continuous-flow,

4-C, 32,260 g.

0.2 Micron Sterile Filtration 232.2 32.7 7,596 728

*'. Concentration and Diafiltration

Warm-up High-speed Spin: 89.97 80.0 7,199.0 690.0
Beckman J2-21, Continuous-flow,
20 0 C, 32,260 g.

-+

"QAE 1: A-50 Sephadex, pH 6.6, 96.0 5.3 506.00 499.0
Cond. 5.85mS at 21 0 C

Concentration and Diafiltration

Warm-up High-speed Spin: 4.75 103.0. 489.25 480.7
Beckman J2-21, Continuous-flow,
20 0 C, 39,260 g.

% '%NPre-filtration 0.2 Micron

Sterile Filtration/Bottling 4.41 103.0 452.47 448.0

The protein solutions are stored in two or more containers at each stage. The
I 4ii protein concentration shown is an average of the biuret determination for each
h:.: .. container.

- - . .,
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Table I

FILTERS USED IN PRODUCTION OF IVBG LOTS 1A, IB, 2A and 2B

IVBG Lot

Manufacturer Filter Part No.* 1A 1B 2A 2B

PALL ABINR7P X X X X
PALL ABINA3P X

PALL AB2NA3P X

PALL DFA3001ARP X X X

PALL AB2NA7P X X

PALL FLF6001ARP X X X

PALL ABINA7P X X

PALL SLK7001ARP X

PALL DFA3001NRP X

PALL SLK7001NRP X

GELMAN 12645 X

GELMAN 12122 X

Ire

Pall Trinity Micro Corporation
Cortland, NY 13045

Gelman Sciences, Inc.
600 South Wagner Road
Ann Arbor, MI 48106

*All filters are manufactured in accordance with Current Good Manufacturing
Practices (C.G.M.P.) guidelines afid are non-fiber releasing.

%.
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Table III

REMOVAL OF LIPOPROTEIN DURING FRACTIONATION

"(HDL) (LDL)Triglyceride Cholesterol cxLipoprotein 8 LipoproteinSample mg/ml mg/ml mg/mi m/ml

IVBG-l.A:"Plasma Pool 1.63 1.38 1.29 2.00Pre QAE 0.13 ND ND ND"Final Product ND ND ND ND

IVBG-lB:Plasma Pool 2.16 1.61 0.54 2.73Pre QAE ND ND ND NDFinal Product ND ND ND ND

IVBG-2A:Plasma Pool 2.21 1.65 0.55 3.01Pre QAE ND ND ND NDFinal Product ND ND ND ND

IVBG-2B:
Plasma Pool 2.07 1.63 0.56 3.06Pre QAE ND ND ND NDmFina Product ND ND ND ND

ND: Not Detectable

, 1w%

M%.

I.ts%

p . ",
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Table IV

"-. PLASMINOGEN AND PREKALLIKREIN LEVELS

DURING FRACTIONATION

"Plasminogen Prekallikrein
Total Total

"Sample CTA U/ml CTA U/mg Units g pg/g Grams

"IVBG-lA:
Plasma Pool ,3.12 0.064 716,000 11.2 0.23 2.6
Pre QAE ND ND ND 2.0 0.03 0.2
Final Product ND ND ND 1.8 0.02 0.01

IVBG-1B:
Plasma Pool 3.50 0.068 815,000 4.6 0.09 1.1
Pre QAE ND ND ND 1.5 0.02 0.2
Final Product ND ND ND 3.8 0.04 0.02

IVBG-2A:
"Plasma Pool 3.06 0.060 714,000 8.7 0.17 2.0
Pre QAE ND ND ND 1.6 0.02 0.2
Final Product ND N-D ND 2.2 0.02 0.01

IVBG-2B:
Plasma Pool 3.52 0.071 841,000 4.1 0.08 0.9
Pre QAE ND ND ND 0.9 0.01 0.1

SFinal Product ND ND ND 0,5 <0.01 <0.01

,ND: Not Detectable

Lowest Detection Level: Plasminogen - 0.01 CTA U/ml

IN

I% Prekallikrein - 0.10 pg/ml

Or.
.2"'-.

"• 5
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Table VI

QAE A-50 ANION EXCHANGE CHROMATOGRAPHY*

IVBG-lA IVBG-lB IVBG--2A IVBG-2B

Protein Applied:

,-"Volume (liters) 96.89 98.43 98.60 89.97

Total Protein Concentration
(mg/ml) 79.8 79.3 80.2 80.1

Total Protein (grams) 7734 7805 7902 7199

Ratio of Total Protein to
QAE (gm/gm) 1.45 1.48 1.50 1.37

***IgG Concentration (mg/ml) 10.05 9.23 9.27 7.67

IgG (grams) 9 !V 909 914 690

Protein Collected:

IgG (grams) 747.0 682.5 661.0 506.0

"IgG Yield vs. Total
Protein Applied 9.66% 8.74% 8.36% 7.03%

IgG Yield vs. IgG grams

Applied 76.7% 75.1% 72.3% 73.3%

*pH 6.6 conductivity 5.85 mS at 21*C

The protein solutions are stored in two or more containers at each stage. The
protein concentration shown is an average of the biuret determination for each
container.

***IgG concentration determined by Radial Immunodiffusion (R.I.D.) Assay.

_'a.

%*• • • • ? " ' . .h -_'• k - % -. , fi; " , " , "- - -.- ,. ' ' .,.''"'"'""" """" . . j - •i " , -' *." " , -" , -" ' .-.- ,- '
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Table VII

COMPARISON OF SOME PLASMA PROTEINS

DURING FRACTIONATION

Protein Transferrin a Macroglobulin Hemopexin Albumin

Sample mg/ml mg/ml mg/ml mg/il mg/ml

IVBG-IA:
Plasma Pool 48.7 1.88 0.84 0.72 27.7
Pre QAE 79.8 0.93 1.70 0.52 60.0
Final Product 1 <0.02 ND ND ND

IVBG-IB:
Plasma Pool 51.3 2.02 0.80 0.78 31.8
"Pre QAE 79.3 4.15 1.73 0.49 61.4
F inal Product 108.0 <0.02 ND ND ND

IVBG-2A:
Plasma Pool 50.8 2.46 0.90 0.77 33.5
Pre QAE 80.1 4.73 2.00 0.40 62.8
Final Product 105.0 <0.02 ND ND ND

IVBG-2B:
Plasma Pool 49.4 2.14 0.88 0.79 30.3
Pre QAE 80.0 4.68 1.77 0.20 62.8
Final Product 103.0 <0.02 ND N'D ND

*Values determined by Radial immunodiffusion (RI.D.) Assay.

"**The Pre-QAE plasma has been concentrated to approximately 80 mg protein/ml.

The protein solutions are stored in two or more containers at each stage. The
"protein concentration shown is an average of the biuret determination for each
"container.

4 ND: Not Detectable

7,ID
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Table VIII

S.•...-. COMPARISON OF VARIOUS IMMUNOGLOBULINS*

DURING FRACTIONATION**

"Protein' IgG IgA IgM
Sample g/ m/ mg/ml mg/ml

IVBG-IA:
Plasma Pool 48.7 5.76 1.06 0 84
Pre QAE 79.8 10.05 2.42 1.11
Final Product 103.1 101.5 <0.02tt ND

IVBG-lB:
Plasma Pool 51.3 5.19 1.19 0.74
Pre QAE 79.3 9.23 2.33 0.76
Final Product 108.0 108.6 <0.02It ND

IVBG-2A:
"Plasma Pool 50,8 5.81 1.32 0.94
Pre QAE 80.1 9.27 2.72 0.76
Final Product 105.0 110.7 <0.02tt ND

IVBG-2B:
Plasma Pool 49.,L 5.47 1.21 0.80
Pre QAE 80.0 7.67 2.53 0.60
Final Product 103.0 101.6 <0.02+± ND

Average:
Plasma Pool 50.1 5.55 1.20 0.83
Pre QAE 79.9 9.06 2.50 0.81
Final Product 104.8 105.6 <0.02±t ND

*Values determined by Radial Immunodiffusion (R.I.D.) Asay.

"he Pre-QAE plasma has been concentrated to 80 mRprotein/ml.

The protein solutions are stored in two or more containers at each stage.
-. The protein concentration shown is an average of the biuret detern'ination

"for each container.
"4-4-

R•epresents trace amounts of IgA. Caution should be taken when administered
to persons known to be deficient in IgA.

. 4
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Table IX

/...-, FRACTIONATION YIELDS

Total Protein* IgG**
s- .Sam@ple Vol. (X) Grams % Yield Grams % Yield

IVBG-IA:
Plasma Pool 230.0 11,190 100.0 1,325 100.0
Pre QAE 96.9 7,734 69.1 974 73.5

- Final Product Bottled *** 5.92 609.8 5.46 601 45.4

* ~:-~-: IVBG-lB:
Plasma Pool 233.4 11,985 100.0 1,211 iu0.0
Pie QAE 98.4 7,805 65.1 909 75.1
Final Product Bottled *** 6.74 727.9 6.07 732 60.4

2nd Bottling .5.69 614.5 5.13 618 51.0

IVBG-2A:
½ Plasma Pool 234.3 11,903 100.0 1,361 100.0

Pre QAE 98.6 7,902 66.4 914 67.2
Final Product Bottled 5.93 622.7 5.23 656 48.2

1ý' 4ý IVBG-2B:

Plasma Pool 240.0 11,844 100.0 1,313 100.0Pre QAE 90.0 7,199 60.8 690 52.6

Final Product Bottled 4.41 454.2 3.83 448 34.1

Totals:
=,',Plasma Pool 937.7 46,922 100.0 5,210 100.0

Pre QAE 383.9 30,640 65.4 3,487 67.1

Final Product Bottled 21.95 2,301.2 4.91 2,32.3 44.-6

* Total Protein Determined By Biuret.

** IgG Levels Determined By Radial Immunodiffusion Assay.
•** Grams of Final Product Bottled. Al Additional 73 Grams of IgG Not Bottled

with IVBG-lA was Bottled with and is Included in the IVBG-lB Totals.

N-
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Table XlII

PERCENTAGES OF IgG SUBCLASSES FROM COMMERCIAL
GAMMA GLOBULIN AND FROM IVBG FINAL PRODUCTS

% % of Total IgG
¾." Protein

Sample mg/ml gG1I 18G2  LG4fl%1! IVBG-IA Final Product 103.1 89.5 9.8 0.3 0.4

IVBG-IB Final Product 108.0 88.2 11.1 0.1 0.6

IVBG-2A Final Product•t 105.0 67.3 22.0 4.3 6.3

IVBG-2B Final Producttt 103.0 79.0 16.3 2.6 2.1

Cutter I.V. IgG 59.7 84.6 12.3 NDt 3.1

Hyland ISG 157.5 75.8 4.2 19.2 0.7

*Cutter Gamimmune, Lot #C5755, Reduced and Alkylated, Exp. 31, October 1982.

**Hyland Immune Serum Globulin, Lot #2703 T 001 FA, Exp. 31, August 1984

t-ND: Not Detectable

"ttIVBG-2A and IVBG-2B have been resubmitted for repeat testing.
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Table XVI

[ -6 MONTH SHELF LIFE SAMPLES:

S" 'TYPE A, B, C, D AND E NEUTRALIZING TITERS ON IVBG FINAL PRODUCTS

Neutralizing Activity (IU/ml)
Storage Conditions Type A Type B Type C Type D Type E

IVBG-lA Fresh - 0 months 219.0 11.4 106.8 121.8 92.1

"" -20°C - 6 months 320.0 10.0 358.0 129.0 144.0

"4°C - 6 months 201.6 16.0 285.0 325.0 113.5

22*C - 6 months 204.0 12.2 89.6 325.0 51.2

37°C - 6 months 80.6 6.3 89.6 102.0 57.6

IVBG-lB Fresh - 0 months 224.0 10.2 80.0 169.0 75.0

-20'C - 6 months 242.0 32.0 NT NT NT

4°C - 6 months NT 25.0 NT NT NT

22%C - 6 months 237.0 32.0 NT NT NT

37'C - 6 months 242.0 25.0 NT NT NT

SIVBG-2A Fresh - 0 months 280.0 34.6 40.4 17.4 87.4

-20'C - 6 months NT 22.0 NT NT NT

4°C - 6 months NT 33.0 NT NT NT

22°C - 6 months NT 33.0 NT NT NT

37*C - 6 months NT 22.0 NT NT NT

IVBG-2B Fresh - 0 months 77.0 12.3 NT NT NT

-20°C - 6 months 89.0 12.8 NT, NT NT

4°C - 6 months 67.0 12.8 NT NT NT
V.•. 22*C - 6 months 45.0 12.8 NT NT NT

37%C - 6 months 45.0 12.8 NT NT NT

S~*
NT--Not Tested

_% *

-','



___ Table XVII 84

"SIX MONTH STABILITY OF IVBG LOTS: EFFECT OF STORACE

TEMPERATURE ON AGGREGATE FORMA'ION

,-Percent of Total Area

Final Product IgG Dimers IgG Mono-
Stored 6 Months Aggregates and Trimers mers Fragments

IVBG-lA

-20 0 C 0.8 6.0 93.1 0

"4,0C 0.4 4.9 94.7 0

22 0 C 0.5 7.5 91.9 0

37 0 C 8.9 36.9 52.6 1.6

IVBG-lB

-20 0 C 0.5 4.1 95.4 0

"40 C 0.5 2.5 97.0 0

22°C 0.3 5.8 93.9 0

37 0 C 15.7 44.6 38.0 1.7

"IVBG-2A
-20°C 0.6 5.1 94.3 0

- 40C 0.3 4.9 94.8 0

22 0 C 0.4 4.5 95.1 0
370C 3.5 28.6 65.8 2.1

IVBG.-2B

-20 0 C 0.4 4.3 95.3 0

"40 C 0.6 4.4 95.0 0

22 0 C 0.1 3.0 96.9 0

371C 1.7 22.1 72.6 3.5

m"A

,' ,_j.J,. - " " '"'"''.'' ,' -° ' ' ••, ,, , ,"" ' " " , ,' ".. -,.' ',- ,,."" ' .. , , * -" ' . - ., , ' ,, . . '• ", - . '' '. -. . ' ' . ' " ,." - . - ,"- " " " - . . - . .
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Custom Designed Final Product Labels
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Figure 2
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Protein and IgG Yields During Fractionation
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Figure 17 101

High Pressure Liquid Exclusion Chromatography
of IVBG Final Products

0030VOG-IA

i'-.v0.030 - :v 8G- 1A

0,020

0.010-

VOID 400KK

IISK 0.5

0.030- lyiG-Is

S 0.020-

n0

t~y, oaoo

SvDII
:• 3%

0 .

[] • 0.010-

e-.

* .,JS0 101 0 .5

•,0.030- IVG-2A

6.06o 0.020

0.0 10

S0 ISM 0.5

0 "S 
IVSG-28

d 0.030-

0.020-
,4.

& 0.010

6 ~VOID 4

,,, ...".
0 0.5

Kav



L4,-

I .
01

C E- 
C

> U>

zo 
0 o

0r 14 -

0 c-

- - - - - -am

OSR
0OIV

4- 9



CD)

E 0100 -Lo

00

00

S> 0

0 o H, 0 E 0
T-O E

C: .

I-.>

U . 0 .,

- -- 

.~4-' 1

LLo E

~~a)E

cmc

E ZcZ~ 0
IE0

LL..

6TE2s 
0 0 W U-



I'Iw% -w-

Cl)D

E

-Co
x 0

C_ 0 0~ E.
Co0 H 0 0j

Lajj

H0 E

umi C/)>

C 0aWLL 0 o

~~o

0:

C~O
a) 0(

OZ ain2TI



W ý VY '~7T W- 1 X- :.- w -. -.

0 0 0 00

0 o
-~ z

CfC\

LL>0

coQ E
CCrI

Hi6 2AE U

00

u-cý

to~ t-
0SOT.

0Z alnZLJ~



'If

A Cl)
V .. V...,.T

Eco c

0C 0

00

4.a

C:) 0

- --

(5 E

> o
CCl)

L-I-

45, CL

a4'

E901ZZaiET



CL SPJBPU231S B!O'ewJ~ld

co

IW15w 01.

X OoLO VL-!DEAI

.... .5 ... / s

* 0 - sp~pu~21s !3?Wi0 4

IW/bW 09

(II.)OoZ 
VL--DSAI

SPPP21 .)W~q
C: 6 -) U) U-)LO *

-n C O oC0ý c omOO eH
.4. ______jw.6w00



A.A

-~ IwU/5w uOL

OOLE 81.-E)SAI

_____- j/f~W 01.

LL jWl/5W 09

U-

Sofr F1L-DSAi
4-' ( __ SPJBPUEIS 12!OswJsqd

4-d,

(I,

__ IW/5w 01.= Z 81ý -9A'I
-t00~J

co N LOQ LO c L0C L C O 00 00



I - ~SP1JVPUUIS UIOPWJuq.d-

- - iw/5w 09

ooLe~ V?,--)1Al

-4 C

~Co> w/r:w os;

mLLJ

___ _____jw/f~W 09

jW/bW 01.

0 oiZ; VZ09A

C.)

* 4 W. spJepuVIS SIDuWJ2~d

)co UC) Ic m C 70 *Co0Z le H-d

S 601<r- c 6c r



sPi'ePU'CIS )BOW.J~Ld

* gcz

*U5 0 -

C')

>CO4
~>

I w,6w Ot

~:Cl)>0

u.. C 
w/6w OL

~~' 

Iw/b6w

IWI§W 
OLt

(U)

V460 n)U)C
4 a) ON XL o(DM - -) O e H

O alý( C ~6



Figure 27 iii

SSHELF LIFE STUDY
.".""."'High Pressure Liquid Exclusion Chromatography

, ,,. of IVBG-1A Stored at Various Temperatures
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SHELF LIFE STUDY
"High Pressure Liquid Exclusion Chromatography

of IVBG-1B Stored at Various Temperatures
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Figure 29 113

SHELF LIFE STUDY
High Pressure Liquid Exclusion Chromatography

.' of IVBG-2A Stored at Various Temperatures
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SHELF LIFE STUDY

High Pressure Liquid Exclusion Chromatography
"of IVBG-2B Stored at Various Temperatures
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3400 rpm for 15 minutes at 25" C

Precipitate CRSC)

Supernatant (Plasma) - tested for presence of cyto-
,000 rpm 15 minutes toxic antibodies and plasmas
at 25" C with activity discarded before

pooling.
,3 .%•

Precipitate.
(Platelets + RBC)

Superna tant

(Sample for chemical analysis)

Dry Silicon dioxide treatment (40 g/L) (stir for 2 hrs

SOOO rpm for IS minutes at 0 to 4" C

Suprnan 
Precipitate

Lr•,•4Superna rant

Freeze

Thaw

Fumed Silica fraction!* additives

Fil.zer through millipore 0.22 microns

• Sterile Fumed Silica treated plasma
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Appendix Al

Blood

3400 rpm for 15 minutes at 250 C

Plasma Prccipitate (RBC)

Silicon dioxide treatment (25 g/L)
With normal saline (15 ml/l gm fumed silica)

SO00 rpm for 15 minutes at 0 to 4' C

Fumed Silica fraction Precipitate

-' I,
Freeze

Thaw

.• Fumed Silica Fraction .additives

Filter through millipore 0.22 microns

Sterile Fumed Silica treated plasma

FIG. 2
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Condie ct al. (451 Dec. 21, 1 9 7 6Appndix Al

• *- •541 FIBRINOGEN.FREE 157) ABSTRACT

.PLASMINOEN-PLASMIN.FEE PA method of treating blood plasma or fratctionated• "" AND METHOD OF PREPARING AND USING
-*•" -.. A E O Oplasma products with fumed colloidal silica to remove

SAME fibrinogcn without polymerization to fibrin, to remove

1751 Inventors: Richard Nt. Condle, Minnealxflis, the plasminogcn-plasmin proteolytic enzyme system, to
LuL It. T.,ledo-|'ereyra, ilopkins, rcmo~e chnlestcio! and lipoproteins and reduce triglyc.
bot!u of Minn. cridts, while maintaining pltsma coagulation factor II

( A n T I oh is oat pretrcatment levels and leaving immunoglobulins
.,.I %731 Assignee: The Regents of the University of and other protein constitutcnts unaffected. and the

Minnesota, Minneapolis. Minn.- resulting product. Plasma products treated with fumed

1 -221 Filed: Apr. 23, 1975 silica may hc subjected to long-term storage for a ycar

(211 A ppI. No.: 570,569 or more without lIo. of its biologically active support
properties. thereby circumventing the problem of hep.

1521 U.S. Cl .................. ...................... 424/101 aiitis The treated plasma products, cithcr fresh or after
1511 Int. C' .................. A61K 35/16;A6lK 35/14 long-term storage. may b1 u.cd as a perfusion support

,% ,1 ]581 Field of Search .................................... 4241101 media for organ pcrfusion, for treatment of hemmorr-
hagic shock and similar purpoes for which untreated

1561 References Cited plasma and fractionated plasma products are custom,
"OTHER PUBLICATIONS arily used. with equal or superior effectiveness.

Stephan Ct al., Chem. Abst., vol. 69 (1968). p. 1 74 12h.

Primary Examiner-Sam Rosen
.Attorney, Agent. or Firm-Burd, Braddock & Bartz 2 Claims, 2 Drawing Figures
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cIlottiog of hh'oid h1.11ii1ful pharmacological aciv fakppendix Al
FlnRlNo(;l-N-FREE t01's 9n.,ty fie gcnicrtitd

C-PLASKIlNO(:EN.PLASMlN-FltEF P'LASMIA AND) Thec deficenic% the ahovc: mentioned prepara-
-' riEtIoD oF PREP'ARING ANID USING; SAME~ tions left to thc in~csiig ation and dcvcloprr ;ni of thc

I'I hc inverntion described herein was ma~de in the 5 methodI Of (he. liucriflt Inivention for I I) removing fi-
courst: of %.ork under a grant ort award fromi tire De- brinogen fromt pldisfna without its polymerization t1o

* parmnic n of teicath, Education anmd Wel fare fibrin and led ioi r th roihithin at pre treatment levels.
*This invention is directed to a fibrinoigen-frec plus. (2) rcmloving thie plao'nuiinogen -plasm in proteolytic en-

minoten-plasmin-frec blood plasma product and it) the Y)fne %y%t~lt. ( 1) without generatioin of toxic factors
tticthud of making such a product by the Ircatnicntl of tI nor remioval tit hsio.ltsically essential support factors.
animal blood plasma or fracetionatted plas~ma products an (4) alkiwisg forItlong-term storage of plasma with-

* with a pure synthetic Aimed colloidal silicin dioxitdc olut lt055 of its b~iologioal support properties.
''Containing siloxan and silanol groiuls on its sufae It A SeriC% (If invesigations with various natural and

has becn found that fumned silic.- treated plasma prod-. synthetic poly-silica compounds. resulted i~i thc discov.
uct retains its biological support rirolerties through 15 SCry thatl a mointhetic fumed colloidal silicon dioxide
longterm storage and is'uscful in orean pierfusion. treat- could be u-ed it, trcit plasma removing fibrinogen

* Ment of shock, and the like, while circunvisenting the without, polhnicrizaztioni and preventing thc accumula.
ý%tra~ismission or hepatitis in untreated plasm;%. lion of phar mach1L Igic;illy -active toxic spiit products.

.PGON O~TEIVETO ( Subsequent resieairh led to thc discovery that in addi-
BACKROUD OPTHEINVETIO 2otion the protetoI)tc enzyme system plasminogen-plas.

With the advent or clinical organ transplantation as i lornoc yfmdSl~ ramn.Pam
an accepted method of treatment for vatii4us diseases, treated and proccs%ed in this manner has been exten-
the need for precsrvation of cadaver organs becamec %isely tested in b'ith .animal and human models and
tstablished, The requiremenits of a niedia that will sup. (lut, d fu. eiuc o ranpeevto.sok

Port organ perfusion were partiall> accomplished b% 21 and for retention of its biological support properties
the ust: of cryoprecipitated plasma (CIPP). Thus, the til'i~ln.tr trg Iya)

probemsassoiatd wih bockac o o~tillriesby lood contains plasminogen. thc inactive precursor

lipoproteins, fibrin aggregates, andi the like. were to a of the; p~oterzt ptotcti15 tic enzyme plasmin. Under ordi-
Certain degree prevented. There are, howcser. several n .jr'1 conditions such as those involved in the prepara-
disadvantages related to the use of ClI1'. (a) it isdif l tion oif plasma froti tcitratcd whole blood, plasminogen
Cult to standardize and store; (b) it must he thiA ed and are noiit actstd ins ptian wticthlca uantitio sioce athere
11iltered immediately before use, and (c ) there is a risk aeihbtr npam hc a c obokatv-*

of tansisson f hpattisin he se f ustoed ion by kinases as %41l1 as inhibitors that can block the
of trmmi-son ofhepattis i the tioni ofle -'. cnrnie plasmin. However. on long-term

Plasma,~ ~ ~ ~ ~ ~ ~~al aotiprat ii ntrl~be~rl ng-dr s storage of p~iasni. there apparently is somc aclivatior. of
Perfusion since renal function does not reliaby n plasnitnogcn to plsmnin (up to 5 percent) and the sub-

j ~ immediately reappear upon transplantation of kidneys enlrtel
*prescrved for more than 48 hours. SO4ucn prll)sis of fihrinogen. inimunoglohulins.

Anumber of efforts have been made ito eliminate and itother proteins. With plasma develops visible aggre-
gates which are presuriahly ptoducti of partially de-

Vome of1 thewc disadvantages. In particular. the use (if 4o graded filrirmogen and iitumunoglobulins. This problem
wrntlietic plasma derivatives and albumin solutions is largely circumvented by thc outdlating of plasma.

I- have been trieca. Such solutions theoretically should
- litleaggegaed ateials i .. iporotins resulting in discarding and loss of a valuable resource.

contain liteagcac acilie.lpirtis In the classic Cohn alcohol fractionatijmn of human
and part ialIly poly me rizcd fibrinogen and since the% canf plasma, the plaosminogen is concentrated and freed of
bt stored there is -little risk of hepatitis. Ho;&.vcvr. for 45 its inhibitors in the fraction process. *rhe result is that
unknown reasons these materials are not as satisfactory fractions 1. UI. III of the Cohn procedure contain much
as Plasma. In applicants' laboratory at the University of greater quantities of plasminogen than are present mi-
Minnesota Medical School. caninec kidncys perfused tiarlly in plasma. The presence of high concentrations of

With albumin demonstrated only 5t0 percenit survival plasminogen. ifactisajtcd. leads directly to the dcgrada-
after 48 hours preservation. Fur-thermore, only 25 per. 5o 1mlion of Fibrinogen to form the toxic so-called split prod-
cent of the kieneys perfused with plasnunatc survived ucts. In addition, it has been demonstrated that the
after the same preservation period. .plasmin system can partially degrade the immunoglob-

Other plasma derivatives for Organ perfutsion is the jggregates.
J, trace materials within plasma which arc neces~siry for 55 Immunoglohulini. acted upon by plasrain when in-
-e Metabolic maintenance of the hypothcrmic kidney. jected into the circulation are eliminated very rapidly

Such niaterials mnay tie removed by the processing of when compared to mormal, unaltered immunoglobuý
6albumin or plasmanatc. At the same time it may be lins. 11we net eflect is to prevent the attainment of high

Possible that the problem with CPP is relateed to the blooti levels that arc necessary in treating bacterial,
failure to remove by freezing all of the precipitabler and 6o toxic states and viral diseases. In panicular, the plasmin
dcnaturablc elements within thc plasma. altered imnfiunoglohulin "khcn administered to immune

The picture for shock is even less clear Upon stor- defluo.-ncrcy p.Ileitit filltraven'ously product anaphylac-
age, Plasma and blood lose their cftcctivcns as plasmia toid-like reactions, thereby eliminating a potentially
expanders in hypovolemic and ctidotoxic shock. effective methodJ of treating such patients.
Serum, the protein fluid remaining after the polymeri- iti A major ohstacle to the preparation'of potenit solu-
L' ation of fibrinogen, is of little value in org.;n lerfusion tions of purified imniunoglobulins that can be safely
and maý be eveni toxic, whereas, in shock. esen saline administeredl intravenously to patients to achieve high
is more effective than %ertim. suigresting that in the bloiod levels in treaiting immune defects and life threat-

6'-



tiastice / >~" '"' 4 Appendix Al (5)11
ening infecttion-.hs thn le failure to either elimiinate S~ nthldic 1rirned silicon litis ile has beecn used to
or prevent the aggirczation of ifintninoglobuleiis diltiii! rcn 11h1111 li'l ills iiit. c~lttefiIl :111 iiPl% Cerhles front

purificattion. Alside N4ott tlit (.ac 111.1 filie toils ersilly %'1 W i iVowevcr. 5%% limes dlimiqijit Tawd that treating
employed Cohn alcohol niethodi(if plasnma protein ftrae pllaisi %kith synthetic (tiiicd silicon dioxide removes
tionation may irrecvrsibl% denalu re momie plloism pro.i 5 tio t't rs htileslteril ani d t rigli cerides and. at the
teins, the presence of tit,: pla.sm1.1 ifpotollitic: s.111imei "aiii 14iiie, rerniow-, flibrinogt-n biy invchanisnis not

- - ~~~plasmninogen has been de iiinstraited to at~c and Ilioinj45 i4 po i\ 111cr 1attion (f fibrinoigen tol fibrin since
particularly degradeh t rtiiyi cii .iin the pr ohii nibiti renutiws it ;'rei reatmnitlelan

noglohulins. pao ticulawl) li te IgG claiss. I lie tgG 1lnu'iu- I 1111 s tile plistiiiiiurcii - llasiillu %sltenl
noglobuirns that hase heen altatAcd by g'lastiiii form, 14 SUMMARY OF THIL INVEN IlION
molecular agregates whi..h basec been iniplklated in
the actiVationl Of the inCur .1114 coiirplettwnt sit %)tvits II rl ,dl\ Ntuitd. the iliti-crit iitol comlprises the rnctiod
and further. when their aggregatted solutio~ns alr advii of treating bloiod plasnia or plasnia fractioins. human or
itcircd intravcrnously to patients~ with irmmant- slelli nq-n hlurulan, in lte~ courst. - f nrnitirl processing with
ciency, precipitate anaphylacitsid %\%tcmic rcictlan.- In I llto igcnuc or fumied silica (co~lloiJda synthetic silicon
addiiion. thcese partially diegraded a'ggrcg-gated IfG prep. dil~i4Ule of highest purity containing silosisn and silanol
srations are rapidly eliminaied frorn the cireil~ataion griwpw on its surface), inl cither wet ur dry form, fol-
thereby significantly reducing tlie cfele~ciencss oh -,pe. liivd.ihy sepatration of the Withis, lthe resulting ('ibrino-
cirac antibwody in coinferring proltcuioii Ito tokic %tates gi repa~inie~lsunfe lsi rdcs
r .esulting. for example. formi diphthieria tosuin. and pro. 2t mnd niethods of using thost: pruiduL.s.

*tection against infection. TFhus. the hoped for gosal of The results of this method (or plasma treatment pro-
achieving high effective blistid levels of a biologically sides% plasma that can he stored for two years or more

active~~~ ani(Ky .s rithout Iiissin its bichogical suploort activitics for treat-
active antlot y to attainsd to ra dte. bceil r~im merit 4ir hemvorrhagic and eiidotoxic shock and as ahavenot een ttaied t dal. : suppiort media for organ per-fusion. The advantages of

DESCRIPIOI(N M1: THE PRIOR ART long-ternm stoirage piovides. anl op~xKrtunity for exteri-

In te pst herehasbee rioi~le r4I~s t~it sa cc testing, circunisenting (if heputitis problems and
Inul rtmoe pastther lij;pbeein riii fihruigh:rnc. itl~iot SUCACsstul p4Kluisg of a valuable natural resource.

polymerizing to ribrin 0rti'prccipitatiin %if plastm. has BIRIEF I)LSCRYIO~lN 01--1 HE DRAWINGS
been extensively utilized 'in the: rt~imi-sir oft Smitc lipii. ltie insention is illustrated in thc 'accompanying
protein aggregates and -.'mc polyniewscs fibtinogcrn tlr.mings ill which:
Serum separated froin clotted A hote blood ha eblow VW~ I is a flow sheet showing the method or prepar-
levels or fibrinogen but it is actually toxic fin ort.ar ing tunied silica treated plasma using dry silica, and
perfusion, andl harmful in hyposolecmic arid cenitooxsic .5 VIC 2 is a flow sheet showing a moifOiied form of
shock. vldfuesica

Intravenous preparation, oif purified inirnuiiiglohii. treatment utilizing saline'stdfuesii.
tins have been prepared hut have all produced reac. DE[SCRIPTION OFZ THIE PREFERRED
tions when administered iritraiicimiousy to the siminine 1:MIM I( )l )I MU. S
deficient patient. One prepiaraion prepared h) en/y. is Refe~rrinp now to the drawings, and particularly to

rnatc teatent ithtrysin f lG. xhil prducng IG. I.- there is illustrated in flow sheet form a pre-
fewr ractonswbc adnitistreduntaseousy. .,d ferred nicthwxi for prepariiig fumied silicon dioxide

greatly reduced half life. It is presumed that lthe nmajolr itretd plasma using dry furned silica. The drawn blood
obstacles to' prepuration (If a highly purified inttr,,se* 1- 0* t treated in ltec covcntional manner by ccntrifug.
tious IgG has been thepretseni'cc of plasmitnigeii-plas. 45~ ins ibhout 34(100 rpm for ;,baut IS minut'es at about
min contaminating the eat ly fractionation stiges during 25* 'tic precipitate consisting predominantly of ted
purification of the irntrtsim gltibulins. The nmajor all- bliood ,Mlls is sep'4rated. The plasma, thc supcrnatant
proach to dealing with the plasnminogen problem hasi fraction, is lestcdfor the p(CWPec OfctC0otXiC 2ntibod-
been the addition of compounds 4hich do 114 It remotve: ies. Any plasma with such activity is discarded. The
the enzyme precursor ort its aewasated jilasinin hout inl ill rerilating tsbt~i~ is jxxlled for further processing. The
hibit the activation of the plasmuinogen to) plasiviiii. 'Ibhis plasm~a is centrifuged at about 50W) rpm for abhout 15
has come about by applicartuin of the fact that Ei amoino minuutes at about 25* C. The precipitate composed
caproic acid combines and inhiblits tlie aclaisaion oIf predominantly oif platelets and med blood cells is again

do ~plasminogen to plasnmin. It is noit clear, hot-evet. that seplarated. A %;ample of the supernataint plasmna is with-
this process offers much in the large scale productilion 4% (hi'sn for chcienial anaylsis.
and preparation of plasmintigeni lrve plasriia that.11l Sitcile dry colloidail fumed silicon dioxide of the
be used in preparing aggiregate-fice plasrma protieinl of uiighecst puntrit is then added to the plasma at room
high purity, particularly since it hias not hieen dcnoimi Iteroperat tire with stirriing to a final concentration of
strated conclusil~cly that plaisnin is inhibited h% 1: bct%4cn abosut110 ito 50 and preferably about 25 to 40
amino eaproic acid. Purifiecation i) schrorniitogiap~h% i-t! graim o4'!silica per liter of plaisma E~xemplary pyrogenic
could remove ptasnmin-Iuhte. flowcser. it is miuich iin'ie .7 Wlediie silitaa %L liih may be used arc those sold
Jesitable that a ptoceý"5 lie des chilled % here %011t holec t idt te brand tnoii Aerosil 3X0 by Dcgussa. Inc..
plasma could be- treated et irniniicaully and Ailh casw Ness% York. N Y .atid umiinr the brand name Cab-O-Sil
and in a mnannecr that lllasmM#c iiiiel.nd h'lasitiiil c ould IV Is ( .,l ot ('or V Bostoin. KM.tss 'i he plasma und silica
removed in the eall) pha~ucs (if prep.tration ss hen the 0, ate sinrted bir froit aboiut 2 0 minutes to 2 hours from 4*

771 . active and potent pla~iiua iiihibootir of the plaiusi pii i C~ Id 0"7 C litit rreferahill ' %it tqvvum temperature, and
activation bystvrii ase glijissiit midt Oete itu L- tiith114 %% 1l.e ill~, is I t citttigetl at .il'iiut loo( ii, loomtht rlinri for about
plasma. je t, m. (ii iintaic% itirer.sihl at ahwitit 500(01 rpm for

I,%
L a .



iYN,4( Appendix Al 12
about 15 mninuics, at a teflipv.11'ire in thec Iiante Ili Ft~icii%ic 1cm~in i.Lr ic cn conducted in both animial
tworen about 0O to 37* C, jucctcably a~iut 0* t.o .4" C. and hun~in imodcls to evaluate the lefficacy of fumed
11hc precipitate comprising the silic~a awli rctitios ed con. Nilia treaited plasmaftuci ra rsrain
ISlitueflts is again separaled l'o~l the Ntillcriiiit~ilt pL~ioia treatmfleril l't shokk, anld for retenltionl of hiotogical

* . 11.may optionally be frozen for storage A.n y desired ad-i. supiport properties following long term storage. These
% l~, ive:; rtay be admixed, The product i% filterco throtigh a %tild Is dell)1nstrate that 11 lica Itcatcd Plaisma is supec.

0.22 nticton eti~ccrial filter and i~s icak% fill use ill ritito 14, I'll lit the rorc--rvaioti of dog Wridnys for 48 to
storage under sterile conditions without prservamikes 120 hours lFurtlicrimore, silica Irv.ated plasma stored
eithter at room temperature oir at 4' C Ahthotich ccn. for tine year at roimi temperature still served as a supe-
IInfugal separation is preferred, the suptirnatai~nt liquid to rior pe'rfmiv.4t duin lg 48 hour preservation. lin dog kid.
may be separated bry filtration. IiL>5 pet fused by h~pothcrmic Flulsatikc perfusion for

According to the modificd foirm of tircamtment illus. 48 hours to 121) hours comparing the silicon dioxide
tlatedl in 17IG. 2, the drawti blo~todo is centi ifuged at tre~ated plamsmma % ith standard cr~tiprccipitated plasma
about 3400 rpmi for about 15S minutes at iilout 25" C (CIP). it %a melscaklv that thre chemical characteristics
anid the precipitate separated. Aftser testing and poo~l. of the perftisatc aiid the physical characteristics (if
ing, sterile furned silica in admdixture %ith normial %amline licrtusioin %cr1' niire. stable % hen silicon dioxide
in Concttntratiun of about I glint silicvm per 1.5 iilliliters treated plas~om w,ss used. Survival was "consistently
Of Silinc solution is added ito tht: Illamsa %k iti stiimring at btitier following autotransplantation of the preserved
Iroom temperature to a final coitocntiratiorf bet-Aeen kidney and ctintral:taeral nephrcctomy when the pertu.
about 10 to 501 and prcfctrahiy abolit 25 tit 501 grants Ili saic wA-s .licoim dioxide treated plasma. *r~o of eight
I*dica Per liter of plasma. The misiture is stirred from 201 kidnc~s forfused for 120 hours with silicon dioxide
miutes to 2 hours and tbeleafter cent rifugcd or fil. treated plasma had returned tot normalI renal function
tercd, as described. Thc silica treated supernatant fruc. by 19 days after atiutitransplantation. P1crfusioa; was

* tion, after scprto ftepeiiae shnlda according to the systemi of Moberg ct al described in
Previously described. 21. Ianeet, 1971. 2:1.:n3 *rhese results are reported int

* Horse,. dog, rabbit and human plasriia have bcen Surgerv,* (;ynrc'hX% & Ohuaetic~i June 1974, Vol. 138,
treated with tumned silica according to the dcewribcd pp. 910)-905, incuurltlrated herein by reference.
methods. The treatment of plasmai in this manner corn- The finding thait fulmed silica tire:4tmocnl of plasma
Pletcly removes fibrinogen without liberation of split removes the plasminogen-plasmin system in addition to

0>Products or other pharmacologically active poly-pep. lu fihiinc'gen, cholesterol, fatty acids, lipoprcterins, etc.
*tidc Products. It removes the Ilia -ni nogc:n- p fsmin offers additional esidenec explaining the superior na-

proteolvtic enzymc system, It removes all or most of the lure of this processed plasma in o~rgan perfusion. The
Er;,ccateabfe bcta-Iipoproleins and thernio-dknaltira. presence of actisatable plasminogen in plasma could

ble hlpop'roteins, fats and lipids, ix.e., cholesterol, triglyc. amoini otlher things lead to the formation of aggregated
Crides, etc. In addition, the fumied silicon dioxide has 35 smnunnglohulin.ý, fibrin or fibuinogen split products( been shown to renmoyc bacteria and herpes virus, traces and the rclca.se of rharmnacologically active pcptides. A
of red blood cell mc'mbrancs, white blood cells and more critical factor is thc possibility that plasminogen
Platt.lets. The addition of fumed uilica to plasma does activated by urokinasocs released from the kidney dur.
not have any effect on concentrations and activities of ing pcrfusion, would activate all the plasminogen rc-the enzymecs LDH. SGOT, and btlet-glucuronidase, nor 4U suiting in the injury of the endlothelial lining of the
does it modify the level or activities (if the immuno- capillary vessel, Ahich in turn could lead to areas of
P.lobulins lj;G, 1gM,. IgA. Plasma coagulation factor 11 is clot formation ;it the time thc perfused kidney is trans.
lcft &t Prctrcatmcnt level. planted and circulationi reconst~ituted.

The removal of those most labile materials which on In the light of findings that use of fuined silica treatcd
storage at 41 or 25* C either are denaitured or form 45 plaima results in considerable improvement of the

vaggregiates permit long-item storage of the silica support media for long-term perfusion, as compared
hecated plasma without loss of the biologically active wih cryoprecipitated 'plasma, attention was directed to
support properties of the plixsma. A comparative chem. the use of silica treated plasma in the treatment of
ical analysis of untreated dog plasma with cryorprecipi. hypovolemic shock in (logs. Mongrel dogs weighing
tation treated plasma And silica treated plasmia is sho~nsa o between 17 to 24 kg were a~nestheti,.cd with sodium
in Table 1. , methohexiital fur induction and halothane for malintc-

TABILE 1 ___

COMPARATIVE~ CHEMICAL ANAL.'SISM 1141it.DiX)( ri AMA tRFtAI I-I WitliI
CI&YQmPM1ilP1 I Al ION At ONE'

Acw* qJH 00P AM&aUALJt LLL -%%I Ili 1hdLt5UCA~i- Wti~bu- ...

rnclycorroodcs on%) 599 It 5 62 ai 1 46 :0 13± t 5
lrgbfinOgtn 4Ms.iI 041,j 7 0(iEZ " I 1 1
s.Lipupsomcin, N,,mf,ýi iiIA,t N.,.qM.,I lat. c 41

A L ulpjn (in'S~ I 25 lo dl to2 i S *Ima 2li C to

(41`11010k) (iOint 92 . 73 2W z' U 4 No 7
Sodaurn (ndFqjt.) 13Y 1 4 % 13' ± S ' lit) I "

% 'tasu llml-tq 1 42 t 414 4 1 115 i

Ch-rJ (o.-l I t h I Vo 14)
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nance. They were bled 60% of the blolod %-olumc ill a inoval orfflhrintigen is not by wyor polyrncrizatlion of
one hour period until the'y st olit: bllsoo pressure wis 41) fibriniogen tt fithrin. Comparison (if silicon diokidc
mrs'r14ý. Thereafter, scvcrail groops oftdogs. were %itidictl ituaetid plI.'%ia. and unitratcd plosnia and scrumi is
(8 gs per group) according to the type of Solution showw ill '['able Ill.

_____ TABILE Ill

*~. 2 lRRINM4 '! Rt 060VAl. wi rHnu r POI.YMEI1I7ATION
10 1 IRHIN HIY 1 141 A I ING PLASMA wrril A

Clotting rij-4m., kca'Aqd r~orna Selrum
%5 f~ acto? iNolmg'l A, it, it) I I Per Celli Recovely I Pirr cent Recovery I

V 1m' *4 24
Vii 41% 16 202
x X. )A 127
Vill 1 1 4 4

ix10 1 247
x 1 77 $ 4
X1 I~li q10n 4 I0 pitrqj4412 mil/mlltt nt 0 01

40 3U mn5 !ltttmm 0 0

"'j utili'tr-i. MI dogs but the control gro)up received Pice It is appa:rcnt that mnny modifications and variations
&~.*a... -volume of plasma or bllod extraicted during of this invention ar, hereinbefore set forth may be made
bleeding. This volume was administered iimmediately without departing from the spirit and scope thereof.
following the one hour of continuous bleeding. Group 25 ,'hc specific embodiments described are given by way
1, no treatment was given-, Group'II. treated with Ring- of example only and the inve-ntion is limited only by the
er's lactate. Group 1ll. treated with dog plasma-, Group terms of the appended claims.
IV, treated with human plasmanate. Group V. fresh TUhe embodimcnits of the invention in which an exclu-
wholc blood plus 20% Ringer's lactate, Group VI. sive property or privilege is claimed are defined as
treated with dog's serum; and Group VII. treated with " follows.

.4/. plasma prepared by fumed silica fractionation. The
*dog's survival was followed for at least three days post 1. In the, method of perfusing kidneys removed by

rcinfusion. Daily IV infusion of 1 .000 cc of Ringer's ru'phreclomy to preserve the same pending transplan-
lactate administered to all survivors. Theicaifter,. tation into a living body,,the improvement which con-
norm I feeding was instituted. The results are tah. 15 %kts in tiling as a pcrfusate a fumed silica treated
ulated Able If. Silica trcatcd plasma proved to he librintogen-frec. platsminogen-plasmin-firee and lipo-
superior )Lhcr pTOteti pasmna fractions in the treat. protein and Ii ptid-frec blood plasnia product produced
ment of .,rovolcmic shock. by:

-~TABLE~ If 401 A. tiiimately admixing finely divided sterile fumed
ikTM-0-C ( L j QCY silica containing siloxan and silanol groups at its

% , (r' as . utviati Surface with ai blood plasma product selected
I Cr'vttol . No "iatmmecmm 12 5% fill) from ilhe class consisting of blood plasma and

ýr aýc O 4l plasma fatotinproduct-, containing fbio
IV Humall Plmammumetae 62 A% (Sit) 45 gen. platsminoren-plismin ell7yMC system and
V Fiesh Whmole Blood and 20% lipoprolci ns and lipid%, and

mmRiager's Lamctate A7 5% t 719 1
VI Serumn 12 l% (i/K) It. separating the silica and associated fibrinogen.

V11 Fumied Silica Fractiomn 75 5% th/N l.. plasminogen-plasinin. lipoprotein and lipids from

tile remainirig plasm~a pioduct.
There are several advantages of fumed silica treated 2. In the method of treating hypovolernic (hemor-

plasma in relation to whole blood or plasma in the rhagic) and endotoxic shock in living bodies, the
tieatment of hemorrhagic. shock; ( I) it can be 'swrrcd at improvement which consists in transfusing the body
warm or cold temperatures for long period4 of time with a filmed .;ilica treated (thrinogen- free. plasmino-
(one year or more) without deterioration or activity. 55 genj lasniin-frc and lipoprotein antd Iipid.rrec blood
(2) there arc no bacteria found after stcriliittion and plaintia prodtict prixdticcd by:
filtering, (3) although virus have not been itlkntified. A niaeym1iigfnl iie trl ue
there is definite evidence the elimination of herpes A niaeyamxigfnl iie trl ue
simplex: and (4) there has becn no Sensitization oh- t~aonainsionadsinogrustit

. . ~~~~~served. Therefore, these characteristics favor the use of (,o u-aewt lo paaapoutslce
silica treated plasma in the trcatment of hemorrhagic fronm the cla,.s consisting oif bloo~d plasma and

7T, shock. plasrnia fractionation products continn fthrino-
'.~.K.Up to thc present tinie. fihiinogcn h~as only pImytially g~en. plasniinogen-plasmin cnityme system and

been removed from plasma by clotting, salt or alcohol -lipoproteinis anid lipids. and
fractionation. Treatment of plasma with the synthetic to. It. sepiarating the silica and associated fibrinogen,
silicon diaxide remove%-s fibinoigen . ithouitt lilieration of rilatmtnmtign-plasmin. lipopiolein afid lipids from
f ib7-' split products tir ctinsumptitin *tf prothrombin. til e icnaining plasmna product.

l a coagulationl factor II. intilk-ating 111.1 re.
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4,136,094

•he only approved method for fractionation is the Cohn
PREPARATION OF IN'TRAVENOUS HUNA AND cold ethanol process and the only approved route of
ANLiA.. GA&MMA GLOBULINS AND iSOLATION administration of gamma g!obulin today'if the intra-

:,:•-.OF ALBL,'IIN muscular route.

. . The invention described herein ws made in pan in Since intravenous administration of fresh plasma pro-
"the course of work under a grant or award from the duccs no reaction, it has been accepted thai the aggre-
Dcpartment of Health, Education and Welfare. gatcd materials were there as a result of the denatura-

% BACKGROUND OF THE INVENTION tion of the gamma globulin by the alcohol method and,
1, Field of the Invention 10 therefore, alternative methods were sought for the puni.

h iFneio a the Irvctionn fication and preparation of the horse globulin materials.
tnf invention relotps to a prthsl for the fraction.

fteation of naturs unaltered, undenatured im ne achieved of preparing a safe globulin that can be admin-

gamma globulin ai,,n albumnin. More particularly, the istered intravenously in patients, is supported by tne

invention relates to the preparation of intravenously 15 following facts. Up to the present, over 30,000 grams of

injectable human immune gamma globulin. purified honse anti-lymphocyte globulin have been pre-
The plasma fractionation industry in this cou.ntry and parcd. This material has been administered intrave-

Europe currently uses the method of cold ethanol frac. nously to over 900 renal transplant patients. The total
tionation developed by Dr. E. 1. Cohn of Harvard Uni- experience with intravenous administrations ap-
versity in the 1940's. Ever. though new methods of 20 proaches over 13,000 separtee administrations. These
"protein separation have evolved in the ensuing 35 years, intravenous administrations have not been associated
the itndustry has neither chosen to gamnble on new zneth- wkith an'% evidence of reaction at the time of administra-
ods nor face up to any rc ;ulatory inhibition that a new tion, It therefore was felt that the methods utilized in
product faces. As a result of this lack of new spirit, no the preparation and isolation of these horse, goat and
methods have been developed to produce a new large 25 rabbit gamma globulins could resolve the problems
scale system that would lead to a cheaper and better as.ociated with the attempts to produce and prepare
product. It has been demonstrated that there aie severe from human plasma an intravenous gamma globulin for
limitations to the Cohn method, the major being that the use in treating life threatening viral and bacterial infec-
process does indeed denature some of the proteins tions.
"which it attempts to purify and isolate. 30 Since viral snd bacterial infections constitute the

.,Several ye.rs have been spent in the development of leading ca-sc of patient death in renal transplantation,
methods and technology for the preparation and purifi-
cation of animal (horse, goat and rabbit plasma with methods were sought that could be used to te-at these

antibodies against human lymphocytes) plasm&a This severe life threatening ;ntections, One attractive ap-

anti.lymphocyte globulin, a biologic immunosuppres- 35 proach was the use of a huma gamma globulin that

sive agent termed ALG, has been oemonsi rated to have could be administered intravenously. Knowing that

potent immunosuppressive activity against cell meri- none of the commercial preparations could be used in

ated immunity, the type of immunity that causes grafts this manner, the possibility was explored of fractionat-

to be rejected. ing human gamma globulin from plasma according to
Alter demonstrating the efil.acy of this -ratteril in A0 the methods developed for the fractionation of the ani-

"animiL.s, it was sought to bring ,his to the clinic as an mal proteins. It was found in genera. principle that this
adjuictive immunosuppressivc agent in the manage- could be done. In cl'nical studies with this new IV
ment of the human rena] transplant patients. At the time human gamma globulin, doses have been administered
of clinical application of this niateria.it wasfelt that the intravenously ranging from 20 mgAg/d- y to 200
following criteria had to be cstLablished: safety of the 45 mgAg/day over a 14 day period, Studies to date show
"preparation. a method for fracti:)ating and isolating promise of ustablishing efficacy of the intravenous ad-
maximal activity in plasma and a method of fraction- ministration of gamma globulih isolated from pooled

%' ation that would allow adminisL-Ation of this material to human plsnma in the treatment of life threatening viral
patients by the most effective route. Animal experi- and bacterial infections' in immunologically compro-
meats had demonstrated that the administration of the 5 mrised patients.
same quantity of IgO by the intravenous route was two 2. Description of the Prior Art

- to thac fold more effective than the intramuscular or Although there have been numerous attempts to pro-
other route. In addition, only limited quantities can be duce an intravenously injectable ga.mna globulin, none". "administered in -tramusculiarly where~as 10 to 1010 times LS dueainrvoslijctbegmn lblnoe
d i d r u w s 1te to oui knowledge has produced a natural, unaltered and

much can be administered intravenc-usly. Therefore it 5 undenatured product. These efforts are reviewed in
was sought to produce a preparation of horse anti-lym- Stepa tes U.S.uPt.

phocyte globulin that could be administered safely by Stephan (Biolest) U.S. Pat. No. t,916,026 and Pappen-
" the intravenous route. his was done with full knowl- a t (Cutter) U.S. Pat. No. 3,903.262. The Sic-

edge that human gamma globulin could not be adminis- phan patent discloses the preparation of intravenously
tered by the intravenous route. re injectable non-complement binding gamma globulin by

Early studies by Good at Minnesota, Janeway at treating complement binding gamma globulin with
Harvard. and others, had demonstrated that the intrave- bets-propiolactone. The Pappenhagen et al patent dis-

nous administration of the Cohn fractionated human closes preparing intravenously injectable modified im-

.•S gamma globulin often produced severe systemic reac- mune serum globulin by cleaving at least one interchain

L ions. The cause of these reactions was related to the 6s disulfide liakage of intact immune serum globu!in chains

""- high concentration of aggregated material due to the having intact intrachain disulfide linkages and replacing

presence of a protein denaturing agent found in the the cleaved disulfide linkage with a pair of alkylate

fraction removed by the present invention. As a result. mercapto groups.

,'- r
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over 50 patients has shown rio evidence of passage or
SMAYOF THE INVENTION ine-hepatitis virus nor produced cases of hcpatitvý'

tinaecharacterized by 1) their extremne s~implicity, 2) REFD CRPINO TEDR W G
the 6peed and rapidity that each step ca~n be performed, 5 The invention is illustrated schematically., in nlow
3) the lack of rigid temperature control required since &.heet form, in the accompanying drawing.
most of the steps can be carried out at room tempera- D-CI O F1EPEER-
ture, a~nd 4) the fact that the method can be scald up toDECITO OF1{PEERE
infinitely large industrial aics.Je volumes at a fraction of EMDODIME_;qTS
the current Cohn cost~s, In addition, the products are W Bflood plasma or plasmas frtctionsi contaiining gamma
*fltivc", natural, undenatured, aggregate-free, sterile, glcibuien L'id/or mlbiimin aLrt stabilized by t~reatmenet
free from virus and can be isolated in higher yields than wihfumed silica (colloidal synthetic silicon dioxide of
with the alcohol fractionati~n method and in a purer Whiaest quAiity containing siloxan and silanol groups on
suite, its surface) according to the rrethods described in detail

T~he method involves three basic manipulations. The 15 in Condie et a-I U.S. Pat. No. 3,998,946 or Stepha~n U.S.
first step: plasma stabilization, the second: isolation a-nd Pat. No. 3,686,395. The disclosures of these patents are

*clution from ion exchange resins of gamma globulin and incorporated herein by reference. Fresh or fresh frozen
a~lbumin, and the third step: conczntration, dia~lysi~s and humain or other animal blood plasma or outdatedar-
sterile filtration. The plasma stabilization step compruec,. /or cryoprecipitatc human or other animal plasma =ay
treatment with fumed colloidal silica by adinixing t>be ustd. T'he plasma product LA intimately admiýxed with
plasma with silica and then Keparating stabilized plasma fumned silica in either wet or dry form, followed by
from the silica with adsorbed constituents. T~he sw~bili- sepaation of the silica with its adsorbed lipoproteins.
zation requires one hour to coirnletLe and accomplishes cholesterol, triglycecrides. fibrinogen and plasn-inogen-_
rmcrnval) or a ni'mber of aggregable auid eas~ily denaturs- plasmin .nzyme system-. The resulting stabilized pun-

ble plasma proteins. Also removod Lcrc the hepatitis fied plasma product may be stored or can imnmediateclyI*associated anitigcn in plasma and a number of prote~o- be treated to isolate the gamma globulin and albumin.
i -tic enzymes and thcir precursors. T'he presence of To increase yields., it is desirable to resuspend the
these en.-ymnes otherwise can le~ad to the degradation separated silicaL, to recover trapped protein from the
and aggregation of other plasma proteins and the activa- sLdica. T'he majteria is centrifuged a-nd the supe-ruat~ant. is

N ~ tion of the kLinin system. The 'stabilized plasma is then collected. I 1 precipitate is desirably washed and the
ready for the next step or caui be fflter-steriliued a~r-i wash liquid and the recoovered supemnatant are added to
ýi..ored at room temperatu're for periods exce-eding two the product from the silica trestmen-tt. T'h- silica treated

' years. Storage of stabilized plasma at room temperature mnaterWa is adjusted to the correct pH (albout 7±0.)
for periods excee-diing two ye~Ars does not aJltr its bio conductivrity (a-bout 6.0 ±t 1.0 at 22* C) and volumc by
logical support properties a-nd no increases in turbidity concentrtion and diafitratiomi or dialIysis agitinst am
or prec~ipitation have been observed. iraidazole-.acetatt buffer (pH 7.0) in preparation for ion

T'hc gecond step involves the isolation of the IgG and exchange treatment.
albumin from the stabilized plasma by recactirng this Althr gh the gamm-a globulin and aiburain may be
materia with a sterile ion exchange resin. The ISg and 40 isolated from the silica treated stabilized plasma produmt
albumin are eluted oy adjustrnen~.s of pH and ionic by column chromatography, it is preferred to use ak
strength. In addition, pyrogenic activity of plasma is basket centrifuge for its greatly increased flow rates. A
removed by these resins. This ion exchange separation variable speed cenrtrifuge is used with speed settings for

stprequires approximately 40 minutes and results in application of G forces from a-bout 10 to About 25.
-the isolation of an undenatured, monom.:ric (molecular 45 The ion exchange separation utilize a strongly basic
weight 160,0CX0) aggregate free human IgG 9917 pure, anion exchanger such as a sterile pre-swelled mrodified

*.teras The albumin can then be recovered wkith over is Sephaelex QAE-50, composed of dextraLn clhains
97%7 urt and with yields of between 80-90%, com- 50 crosis-linked to give a three-dimensio~nal polys~accha~ride
p~fed to the less than 50% yields of the Cohn method. network with quitternary amninoethyl g-oups attached

*The final step inN'olves the concentration, dialysis,, aind by ethe-r linkages to the rlu-:ose units of the dexctran
sterile filtration of these plasma proteins, I-his final step chains. T'he silica trmated plasnia is applied to the ex
requires between two to three hours for completiun. changer bed and rneycled. pH- 7.0 .mnida.Lolc-acetatc

FAs illustrated by the examples, the process is readily 55 buffer is applied and poo-led with Igo fiaction.
scaled up for large capacity production. Although pro- Aliquots of pH 5.8 (:L 0.1) imids-zole-acctatf buffer
cessing of lots of 4 liters and 100C liters are described in are applied, recycled and discarnided. T-hen aliquots of
rietail, lots of 1000I liters or more can readily be pro- pH 4.8 (±t 0 1) imidazole-acetate buffer a-re applied to
ces¶,d onl existing equipment. the QAE bed and re-cycled to separate the albumin

The final products have been subjccted to the stan- 60 fraction. After elution of the r lbumin from the 'nitial ion
d&rd quality control tests that have bet n set forth by the exchanger, the albumnin is purified by use of a fu,-ther ion
Bureau of Biologics. 'These tests in,.Itoe testing for e~xchange material, a strong~ly acid c~at~on exchanger

~:sterility, pyrogeiiic activity, and toxcity. In reddition, such as at sterile mnodilied .... rnwith sulphopropyl
tests for aggregation, deag-,regation and molecular functional groups. An exemplary material, availabie aS
-Veight hac been pertror-med. Finflly, thes. materials 65 Sephadex SP-50, is composed of dextran chains cross-
have been te-sted for a-nd shown to be free of hepatitis linked to give a three-dimensional polysacchan'dc ne-
a~ssoci. ted antigen, by radio immunoafs~ay. Intravenous work- with sulphopropyl groups attached by ether link-
administration of large quantities (over 30 grMmS) in ages t,) the glucose units of the dextran chains.



4,136,09 AppendiLx A 2
5,6 120

The IgG and albumin pools arc treated scparately. millisiemeri at 22' C ki ..2-1,2.3); 'rotein Concentration
Thc lgIG is subjected to duafiltration against a glycine- - 40.5 ± 2.6; pH 7.3., (7.14-7. 62), '1 imc - 2 hours.
Waline buffer and, after sterile filtration, is bottled.

, The albumin from the QAE chromatography is sub-
jected to diaftltration against pH 5.2 (-±- 0.1) imidazowt- 5

- . acetate buffer and then to sulphopropyl chroastogra- - N
phy. Although a column may be used, a basket centri- Volusc - 2.92 0.3 71.i -

fugc is preferred. The conccntratcd and purified albu- TA.. - 119.0 t 14 73.lAlt, - 119.01t 21.4 -' 75..

min is subjected to fired disfiltration against glycine- iN - it,• t. ±.5 44.6
Waine buffer and, after sterile filtration. is bottled. 10

"'7-"i-' EXAM PLE I 4. Recovery of Ptasra Proteins from SiO 2 Prectpitxtcs

Thc invention is further illustrated in the following to Increase Yields.
dctiailed example of thc preparation of human ISG and To recover trapped protein from the S;0 2 precipi.
albumin: 1s Wates from steps No. 2 and No. 3, the prec,, itates arc

'" -i. Collection, Storage and Pooling of Huma~n Plasma. resuspended with 5W0 ml. of 0.9% NaCI Awh is 12.5%

both outdated and/or cryoprecipitate human plasma of the criginAl plasma volume and centriftg-d at 6!00

is obtained and is stored at -20" C unwil it is to be used. XG for 30 minutes at 0-4" C and ihe super .atant is
.. ', Only hepatitis antigen tsaed plasma is used. The plasma 20 collected. The precipitates are washed twi." and the

is thawed at room temperature, ani pooled, but not rcoovered supernatants arc added to the material re-
allowed to reach room temperature. Propertics: Vol- ma~iing af).er the second SiC 2 treatment. Then the pro-
ume - 4.OL.; Conductdivy = 11,4 millixiemens at 22' ccss proceeds to diafiltration step No. 5.
C (11.1-l1.8j; Protein Coneentnistion - 59.2±t2.8
mg/ml; pH - 7.50 (7.43-7.86); Time - 5-10 minutes 25 S~OO Washe:
."not includiT.P the time it takes to thaw the plasma). sio h # I w,• __ StO, f 2 W6,0,

''4.% Ylb SLaring %K Murtn|n

"VoIunwx: (SLntng 4.0 I1M Ofe) % o PLrMA Recovery Yiasnu ke-oo•rry PLima

S, • T.F. - 2)6.1 9 . 11.2 1t Volume 925 m, 23 AM0 ml 20
Alb. - 15),6 rm, 11.1 1003( T.P. 23.3 S. V 27.55g, t2tgG - 37.2 Sin. = 4.4 Alb. 17.3 It I7.11 II

. I-g 5.2 14 3.9 10
,.',' St, Wuht plum Pcos SiO) ff2

% ,uaiing plasnu

2. Stabilization of Plasma: Removal of Fibrinogen. Vol,=mw 4.64 L. 116
Pla.sminogen, Plasmin, Denat'red Immunoglobulins 3. T-P. 14.6 M . 71

Alb. IM. 91
and Lipoproteins Using SiO-2  teo 25.7 64'

Dry SiO, (Aerosi 380, Dcguss.a Inc., New York) is
added to the plasm& as it is stirred using A propeller
stirrer until the flnaLJ SiO, concentration is 20 g/fL. Al- 5. Diafiltration # 1 Against pH 7.0 lmidazolc-acctate

Sthough stirnng it continued for i hour at rum inpz-a-0 b,0bff.er (# 1)
ture after the SiO-2 addition is completed, the reaction The SiO 2 treated matcera is adjusted to the correct
"between SiO 2 and plasma is essentially completed in less pH, conductiviy and volume by concentration and
than 20 minutes. The SiO 2 and bound components arc diafiltration (or dialysis) in a Millipore Pellicon Mem-
rnemoved by centrifugation at 6500 XO for 30 minutes at
0-4' C or by passing through a basket centrifuge or 45

;O2;j~~~~t:P~wit 15hd~.9jaC tor. fe~7e1Ltcw of l0, emrae(1~0,00030da.,ons'•'"-" ~hollow fiber (300,000 or molecula.r weight port site),. ih1 ~.fe fPGCmmrn 1,K0d~n

Teurii pa ecutoff) or anothe, similar device using membranes with•-,The super'hatan fluid is l:K)ured of. and saved. "The a molecular weight cutoff of 10,000 to 50,000 daltons.
t'.'."precipitate is washed with 0.9% N&CI solution to re-

SpDiatration is accomplished by adding sierile pH 7.0!• vcvr trapped protein, Altumin loss due to trapý cg in
. SiO2 ppt. can be reducd _-% .;an lgGY loss (Se%4 step No. 5() imidazole-acc tate buffer ý# 1) at the same rate as filtrate

4). Proper-ties: Volume - j.4--2 0A L.; Conductivity = is removed. Diafiltration is completed when the sample

I '" 11.5 millisiemens at 22" C (1! .3-12.1); Protein Concen- has rczched pH 7.0 ± 0.05 at 2' C and conductivity is

" tration = 54.0±2.2; pH 7.40 (7.37-7.83); Time , 2 6.0 ± 0.2 millisiemens at 22" C. Properties: Volume x

'-. hour. 3.7 L.; Conductivity - 6.0 t 0.2 at 22" C.; Protein
. Concentration , 50 mg/ml; g/g QAE - 0.94: pH

i., . _7.0 t 0.05; Time - ) houi.
% of Mtanil ptawia

Volu•en - .4 L =04 05.5
T.P. = 1&3.6 7• 7.5 77.5 % strting plasn'
Ab.. . 123.8 = 1.5 71.6
4G - .2Volume -2327, L.. 116

"" T.I. - 1S4,6 g. 78
Aib. - 154 Ag. 98"lsG - 25.7 a. 69

-i' '3. Second SiO 2 Treatment

-The supernatant fluid from step No. 2 is treated a
A-,, second time with the same amount of SiO 2 (20 g/L. 65 6. QAE-50 Chromatography (at 22" C).

i">"based on the original plasma volume) as in step No. 2. A Western States STM-l0X") basket centrifuge with a
Aerosil and bound components are removed as before. 12" x 5" ba&ket lined with a 1 micron polypropylene
Properties: Volume - 2.92 t 0.3; Conductivity 11.6 liner is loaded with 197.2 g. Sephadex QAE-50 (pre-

.4' '-

S,. . .,.. .. ..-. , .... . . . .
____- __- ____" __- __-_....________.__-'_-_'_"_,______,_,..',• :2• .. • '.-.-.. ' - 2- ,' ',".". -- '- .'''.,... ' % .- , % .* - . -.c ~ *' 2- ).." - -- .,_
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S-... swclled iii pli 7.0 irnida &one-accL&atc buffer (# I). After

"the bed has been packed for = minutes at 220 XG (1140
. '.-RPM), the s••ed of the centrifuge is reduced to 52 XG Albtumin 191.

, RPM) and run anether k5 minutes. The same J r- , ),6
huffer (# 1) applied tI bt--d through ia Flood Jet I KI.5 5 M-
noule at a{0.3 L./nainuics throughout packing procc- W -3.6% Y34
durc.

The sArnple (3.7 L. at 50.0 mg/ml, totai protein - 185
,gm) is now applied at 0.3 L.lmin and recycled twice. 10. Albumin Diafiitraition #2 (at 4" C against pH 5.2
S Then, 12.0 L. of the same pH 7.0 imidazole-acctate 10 imidazole-scetzte buffer (#6).
buffer (# 1) are applied and pooled with the sample. FinaJ Vulues:
1-his is the lgG fraction, t.0 g at 1.6 mg/ml).

Then 4-"L. aliquou of pH 5.S imidazole acetate
buffer (#Q) arc applied - each aliquot is recycled once. Volumw - 3 t4 L
This pool is discarded, 15 ProH-m . = - .

Next 4-4 L. aliquots of pH 4.8 imidAzole-acctate Cow - 5(S• s
buffer (#4) are applied - the first aliquot is rc-cycled TO - how

Fklow rate - 350uml/ationce. This 16 L. pool is the albumin fraction (126 ,:. at -

7.9 mg/ml). If the gel is to be recycled for further usý,,
12 L. of pH 4.0 sodium acetate buffer (# 2) is applied and 2n 11. SP-50 Chromatogrmphy (at 22 C.

d.ws~rded. Time - 4.5 - 5.0 hnurs. The basket ceni-1ig
fuge is run at 50 XG. Lower G forces appear to be The sample is passed through Sephadci SP-50 (prt-
desirablc since larger quantitics of protein/gm. of Sc. swelled) in pH 5.2 imidAzolc-accutate buffer (#6). Basket
phadex c-an be applied without the breakthrough of cetrifuge as described in step #6 or column may be
c.ontamirants. 25 used. AJbumin, Yield - 100c% on this t..'p.

_12. Abumin Disriltration #3 (at 4 C against
.G. Pool Albunmin Pool glycine-salinc buffer (#5).

.Voluinc 15.7 L 16.0 L. FinnL Values:
Toul proteim 19.7 i. S16.6• .
Proicin conc. 1.25 ! /L 3 7 g'L 30"pH 7.0 -4.9
Cc.nductwvity 6.2 mS 6.2 mS Votuxnc - 3.14 L
Flow rate 0.3 Ldmiui. 0.3 L/min. Prown - 50 ci./='""; /G QAE 0.10 0.90 pH - 6.10 = 0.05O l'Lo,.n-A COnUciwiy - 13 mS

53.0 (or lrG) IS.6 (of AIb.) Time - 2.5 - 3 bour
1`10- 35 V:,- 350 il/mmn

The IgG and albumin pools are then treated sepa-
-aseic): igG to step #7; Albumi' l tep #9. i3. wUe (flh"a i•eidy " ith 0.20 M Pall Ultipor filter

7. lgG Diafiltration #2 (at 4" C agrinst glycine-saiinc and dispense into 40 ml vials). Ti.e - 1 hour.
buffer (#5) for IgG 40 Final albumin prcperties: pH - 6.8; Conductivity -

13 mS; Prot. Cone. - 50 g/L; impuritirs 2.1%. The
.FaruJ •,'ol. pow 'product pwsed I.AL, pyrogen and safety tests.

","urnc proin pi& Cn, T Flo . The yields and recoveries are summarrized in Table 1:

_TABLE I
"1 Plimn SiO 2 e Si02 #2 S AO) a QAE SP

Volume 4.0 3.4 =0.4 2.92 t 0.3 4.64 - -
"% volume 100 .5.5 72,) 116
TotWl protctn 2.36= 11.2 193.6• = .5 135.1"5.1 114.6 --
% T.P. tO0 r7.5 51.3 7"1
Albumin 151.6" 11.6 123.1 = 5.5 1 19.0"2.4 15.4.0 139.7 139.
% albumin 100 711.6 75.3 91 15.6 51.
, ingt .17.2 = 4.4 26.2±-.7 1,.6-3.5 25.7 19.7 -,'% lSG 100 Ut.2 ,,.6 69 53.0
Prot. Conc. 59.2±L2. 54.0Z:2.L2 46.53±"2.0 29.1 - -

• ,,,The composition and properties or the buffers arc set
p • pool 3"94 ml. V0 mng./ml 64=0.05 13 mS I hr. 350 rn/min forth in Table II:

.'".•TABLE 11
"'" % 60

8. (filtcr sterilcly with 0.20 p Pall Ultipor tilter and 1 PH 7.0 lmidivole-i'cciuir"-* 3 'IC)g. l4&zn.•olc
*, dispense into 4- ml vials). Time = I hour. o10 LI. " acewci

3.0 IImi 6 0o4 tcciHc rcie d
Final IgG properties: pH 6.8; Cor.6uctivity 13 mS; 15 Fal. NSP. N,0

.%.' .'.%,'Protein concentration 50 g no measurable impurities. Coad - 6 fe5 --- 0 1 tS *1 y CPH - ý.0 =0 05
,,. "'-,' T'he product passed L.AL, pyrogen and safety tests. 05 2 pH 4, 0 .S, %dwm-*Cctslc

I" •" 1VS. 0 rt "I.' tm-•ctair¢
.•. ~~~~~~~9. Alb~umin 20 1-1 .', cd

15 FRIl Nx P 1`410
Post QAE Albumin Pool: ton - 61S.o 0 1 -5m

, %'V
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TABLE Il-continued A. Stabilizition of the plasma by the addition of
PH p-4.0 0.0) synthetic steiile pyrogen free silicon dioxide

3PH $.2 IMa~d&aak *CrtL&
~. i z~e..ciai (1) Dried, synthetic, sterile silicon dioxide (Aerosil 380)

s pfi~n with 4 0 bodium-acetac (F2) 3 is added to a final concentration of 4.0 grams/liter of the
4. pH (4.1 1mkzl. rH 41w Sac.o pooled plasma. The plasma -rid silicon dioxide are

1.0 unus.a~aoi-ace~ate (0i) mixed with the ai.ý of motor driven rotors- care- being
pH'e with 4.0 Swdi 4C1*iate (#2) taken to avoid foaming-which can result in denatura-

(uw9.0 L. pH 4) to I5 ý x of # tion. This mixing is contint~ed for one hour at room
1265a slcine10 temperature. Following mixing, the silicort dioxide and

498.2 1. Ni.CI its absorbed plasma proteins are placed in either a Beck-
m15ul I&H with M20 O ~61 zoo man J6 c.'ntrifuge or a RC3 centrifuge for a thirty min-
(It 10 W(~J NSOH) utlý period and sedimented at 6,MO X 0. Stabilization

*6. PH $.2 Im4gicle-kAccutae buffer-Full CAi~iilt .5500) ccii involved the reno%'al of fibrinogen and any split prod-
1 2-33 g. unida&Wk

1;;.4 1. N*Ac 15 ucts, the removal of the easily denaturablc lipo-.prociteus
51.0 ML. Sl&Ci~l HAr. tnd associated HLA antigens., and finali l ib: 7zn ,al

iLN.P. H~O (to bottomi of cap) thenym ss
pH - ~O 0.5 ~ct..y 55W S: ~ 2* ~of teplasminogen-plasmin, at proteolytic nyess

temn which has been implicated in IgG aggregate formna-
tion and the parti&l degradation of gamma globulin. Th

EXAMPLE 2. 20 supernate from the low speeid c"ntrifugation is pooled
and run through a high speed continuous flow rotor at

L~arge volume preparation of human intravenous 32,800 X 0 to remove any other aggregated materials.
ga~mma globulin is illustrated by the follo%4ing: This step is accomplished at +4. C at a rate of 350

1.Cleto fhmnpam rmdnr mI/minute. The rotor is sterilized with 705o ethanol and
I. ollctin o huanplama romdonrs 25 rinsed w4ith non.-pyrogenic water prior to use. A pos'

Plasma is collected from hea.hhy, volurit~er adult HSS sample is removed for biuret protein concentration
donors. Aseptic techniques are utilized in the collection determidnation.
ot hids sterile plasma. It is either c.-yoprecipitatcid or B. Dialysis and concentration ci the post silicon dioxide
outdated, is f:-ozen at - 20 to - 70' C and i.,orei ster- 30st.Bbilized treated plasma pool
ilely in a closed storage environment. Individual re-
c.ords are kept on the cryopt-ezipit~ated plasma sources. Following the high spr.ed spin~, the protein concentra-
It is not possible to always~keep records on' the poole tion of the sample is adjusted to 50 g/l and diafiltrated
outdate-d plasmna- However, only plasma that has been wt H70iiaoeae~ebfe p .3±00

* . .. .. tested for hiepiutitis B associated anitigen is used.ancodtit' 6.±01mSt22C.Oeftw
35methods may be used:

2. Preparation of pookL. humarn plasma for protein i. Using art Amicon DC-30 unit. with three cirtridges;
fractionation with surface areas each 10 sq. ft. with a 50,003 MW

fracion. cutoff, the pool is conmrntrated to about 50 S.A. Diafil.
Prearaionof he rud hunxnplama ortration is then accomplished by adding the imidazole-

ation of the gamma globulin is divided into the follow' 40 acetate buffer through a st-rile 0.20 micron Pall Ultipor
ing steps: 1) prepo-oling safety testing, 2) pooling, (100 DFA 3001t ARP filter (a non-asbestos, non-glass fiber
to 130 liter pools). Each lot of plasma is double checked contaning filter) tc the pool as the concentration con-
to insure that it contains no hepatitis B-associated anti- tinues, so that the volume remains constant. The opera-
gen. Thien approximately 400K-S500 blood bags contan- tion is concluded when the sample has a pH of 7.0 ±t
ing the hu~nan plasma are assembled, thawed, arid 45 0.05 and conductivity of 6.0 ±: 0.1 mS. This is usually
pooled intto a 220 liter sterile container. Samples are accomplished after 3-4 volum~es of buffer have been

*taken at this stage to test for hepatitis B-associated anti, added. The DC-30 is cleaned witn a 0. 1 N NaOH and
~ ., ~ gen, and then against ap,,ropriate viruses, bacteria and 0.05% sodium hypochloritc, rinsed with a large volume

fungi, and against A arnd B human blood group sub- of tion-pyrogenic 1-)0 amid stored in 255% ethanol.
stance. A total protein, gamma globulin conicentration, 50 ii. This method is similar to method i but uses a Mil-
&.1bumnin concentration, pK, and conductivity of the lipore Pellicon Apparatus equipped with 25 sq. ft of
pool is determined, membrane with a 10,000 MW cut-off. The same proce-

Onehunredlitrs re ared t rom empratre dure is followed a~nd the Pellicon is cleane-d with 0.1
until thawed. However, the bags are immediaicly 55 OH20 then stor cetic acid renhed witohol n-yrge
chilled at 4' C so they never reach roomr temperature. 5 0adsoe n2%ehlach!

solution In both methods i and ii samples of the pool and theThe bags are then irmmered in 70% ethanol souin filtrate are c~ollected for biuret protein concentration~
and the c.,cms solution is ci--incd orT. Each bag is cut

*open and *h,- contents poured fai~t into a sterile gradu- determination.

&ted cylinder, the volume recordt-d, and then poured 6c C. Sterile filtration ol the pool through 0.22 micron
into a sterile 220 liter polypropylene contaner. T'he Millipore of Pall filters as an intermediate steriliz~ation

%pooll is mixed and a sample removed for testing Lind step in the procedur-
sterility. The container of plasma is stored at V C ovrr D. Fractionation of human gamma globulin
n~ight and then fractionated. 65i. QAE Sephadex columns

~ :'3. racionaionof he cudepooed pasm 65 Anion exch~knre chromatography is done using four
T'he pooled human plasma is fractionated accord~ng 16 1 bed capacily s'.acks containing about 650 g eachI:to the following outlined procedure: Sephadex QAE A50 gel sweclled in 2.97 mnS pH 7,0 :L

- ... %
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0.05 imidazole-acetatc buffer coni.ainisig 25% ethanol. G and 4" C at a flow rate of 350 mI/min. The rotor is
The stacks and dll the tubing are sterili2ed by leaving sterilized with 70, ethanol and rinsed with non-pyre

"them in this bufier for at least 24 hours The buffer is genic H:O prior to use. A sample is removed for biuret
wash-d out just prior to use with starting buffer f)ltered protein concentration dctermination.
through n sterile 0.2 micron Pall filter. The stacks are 5 F . f
arranged in p'.ra t lel flos. and the flow ratw is kept con- F. SterleItration
stuant at 150 ml/inir/stack using gravity as the driving Immediately following the high-speed spin, the pool
force. The sample, previously diafiltrated to meet speci- is prefiltered in preparation for Lottling through a 0.20
fied conditions of pH 7.0 "t 0.05 and conductivity of 6.0 micron Pall Ultipor DFA 3001 AkP filter (a non-asbe-
- 0.1 mS at 22" C is spun at 6,500 X G for 30 min. 2t 22' 10 stos, non-glass fiber containing filter) which has been

C and then applicd to the top of the stacks and samples autoclaved at 132' C for one hour. It is then finud fil-
are collected in sterile 4.0 1 graduated cylinders. The tered through another sterile .20 micron Pall filter a-nd
column is monitored by following the absorbance at 280 then through a Millipore 0.45 micron HAWP 14250
"nrm of the protein peak. After J of the sample has been membrane filter which has been autoclaved at 121 de-
applied, the rest of the protein unbound to the gel is 15 gre-e for 20 minuters. Sterile technique is carefully fol-
wa-shed out using the sterile pH 7.0 imidaz~ole-acetate lov'ed during all stages of this operation. T'ne 0.45 mi-
buffer. The protein is pooled into a sterile polypropyl- cron membrane filter is sterilely transferred to and cu.-
ene container and stored at 4 C until the second half of tured in 1030 ml of TSB culture media for 7 days. A
the ýampie can be added to it. The stacks are recycled sample of this culture is assye-d for sterility on day 7.
by ranning at 2 bed volumes of pH 5.0 0.1 ionic strength 20
a:etate buffer, 2 bed volumrcs of pH 4.0 0.1 ionic 4. Bottling, storage, and packaging
strength acetate buffer, and 3 bed volumes of pH 7.0 0.1 The intravenous immune scrum globulin (human) is

N ionic strength imidazole-scetate buffer. All buffers are sterile filled into 4-0 ml vials which have been previously
made up of sterile pyrogen deionized distilled water and wa-hhed in non.pyrogenic distilled water and steim
sterile filtered just prior to use. The secord half of the 25 autoclaved for sterility. Sterilization of the immune
sample is then spun, applied to the column and eluted in serum globulin (human) is obtained either by Millipore
the same manner as the first half. Thc pH 7 protein filtration using a sterilized .45 micron prefilter and a
peaks from both runs are pooled and treated further and 0.22 micron final filter or by a Pa-l filter system starting

" -, the stacks a-re dismantled and repacked using new res- with a .45 micron prefilter and a 0.22 micron fmal filter.
ins. 30 The filtered intravenous immune serum globulin (hu-

man) is collevted and automatically piperted into 4-0 ml
ii. HIigh 0 force basket centrifuge QAE bottles. These are sterilely capped and sealed. The bot-

chromotography tied materia, is labeled, and stored for 2 weeks at either

"A variable speed basket centrifuge equipped with a -20" C or 3 to 5" C until all tests have been completed.
one hurdred 1. capacity is lined with a one micron 35 If all tests are passed, it is approved for adn.-dnistration.
Pl-,poly'prop>nc liner a-nd loaded with ?bout 3950 g of The multiple injection 40 ml vials axe ind-ividuzaly
QAE-50 Sephadex. The liner, rotor, tubing, and .dl labeled with proper label, lot numbes, &nd expiration
parts are sterilized either by autoclaving or soaking in date according io Section 73.50 FPiblic H t~ahh Service

"0% ethanol prior to use. The Sephadex is pre-swelled regulations. They are placed in stainless steel locked
and sterilized in pH 7.0 = 0.05 and 0.1 ionic strength 40 boxed for refrigeatior. at -20' C or Y to 5" C. When
imidazole-acetate buffer containing 25% ethanol. After removed for distribution, the labeied vial is individu.ally
the Sephadex bed has been packed for about rive min- packed in a labeled box with lot number!, expiration
utes at 220 X G (1140 RPM), the speed of the motor is date, and Information Le-aflet according to Section
"reduced to 52 X G (550 RPM) and run another five 73.52 Public Health Service regulations.
minutes. lmidazole-acetate buffer without ethanol is A5 The IgG product is fully capable of intravenous ad-
applied to the bed through a Flood Jet I KSS3 35 P-t 7 ministration without adve-se reaction or effect. The
pounds prcssý,re or I KI, stainless steel nozzle at about advantages to be gained by the use of an intravenous
"7.5 I/min throughout the packing procedure. After the human IgO that has not been denatured by preii,,ration,
bed is equilibrated with the buffer, 50 1 of sample are or attered by chemical or enzymatic proces-ses include

- rpplied and recycled twice (8 to 10 minutes each - 50 the following: I) prolonged half-life in the circulation,
% total 20 minutes). Then imidazole-acetate buffer is 2) higher maximal levels following intravenous admirnts-

.' flushed through !he gel and added to the sample. The tration, 3) maximal therapeutic activity, 4) no systemic
Sephdex is reclaimed by applyin'g ph 4.0 and 0. ionic reactions, and 5) painless route of administration allow-

*• strength sodium-acetate to the bed to remove waste ing for 10 to 50 fold increase in dos-age compared with
proteins. The bed is reequilibrated as above, and the 55 other routes. Intravenous human IgO prepared by the
next 501 of sample may be applied as above. The protein described methods has been tested clinically in doses
"from bath runs is pooled, mixed, and a sample removed ranging from 20 mg/kg/day for ten days to 200
for biuret protein concentration determination. It is mg/kg/day for six days. The purpose in using the
then diafiltrated against gl'cine saline buffer (pH = higher dose range was to achieve complete replacement

6-i' 6.80 t 0.05 and conductivity = 13 inS) until the pH = 60 6' the totsl body IgO pool. In clinical trials, this high
6.80 -: 0.05 and the conductivity = 12 - 15 mS. Sam- dose treatment schedule resulted in 11 of 13 patients
pies of the pool and filtrate are collected for biuret with CMV interstitial-prcurnmonitus making complete
protein concentration determination. Total time is less recoveries. This is notcworthv, since pr-st experience
than one hour. with this dis.eas indicated that it 16-as uniformly fatNl.

65 The total experience is with over 500 intravenous injec-
E. High speed spin tions of this preparation with no undesirable side effects

, . The pool is now high-speed spun in a Beckman J-21 B or reactions. Studies are propose,,d to use hyper-immune
centrifuge with a JCF-2 flow through rotor at 32,800 X intravenous IgG. for not only prophylaxis but therapy

- -L.4 .•. , -. t ."_ -- "- " ." .-"
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of n number of viral and bacterira life threateninE infec- 6. A method according to claim I wherein said ion
tions. exchanger treatments are carried out in a basket centri-

Albumin is isolated in significantly greater yields and fuge under high gravity force chromatography.
punty than with the alcohol method. The described 7. A method according to claim I wherein:
procems makes possible a superior product at markedly 5 (A) said stabilize-d plasma product is applied to a
reduced costs. strongly basic anion exchanger in a basket centri-

In summar,, a new methodology has been developed fuge, separated, recycled at least once and resepa-
for human plasma fractionation. The methods and tech- rated, ""

nology can be characterized by 1) their simplicity, 2) (B) a buffer of about pH "5.7 to 5.9 is applied to the
the speed ihat each step can be performed, 3) the lack of 10 anion exchanger and discarded.
rigid temperature requirements, since most of the pro- (C) said eluted albumin is applied to a strongly acid
cesses can be carried out at room temperature, 4) the cation exchanger in a basket centrifuge and sepa-
ease in scaling up to large industrial-scale volumes, 5) rated, and
the removal of pyrogens and hepatitis associated anti- (D) said gamma globulin and albumin are further and
"gen from plasma (at two stages or steps in the prom.- Is separately r Arified by diafiltrat~on and sterile filtra-
dure), and 7) the isolation of undenatured natural mate- tion.
rial of highest purity and in significantly greater yieldb 8. A method of isolating and purifying immune
"-than can be accomplisled with the current industrial- gamma globulin for intravenous use and albumin from a

"s""cale alcohol procedures. silica stabilized blood plasma product containing N
It is apparent that many modifications and variations 20 gamma globulin and albumin, which method comprises:

- of this invention as hereinbefore set forth may be made (A) adjusting the pH of the stabilized plasma product

without departing fron. the spirit and scope thereof. to about pH 6.8 to 7.2 and the conductivity to
The specific embodiments described are given by way aot5t a 2 )"wtotdeatn-fo'h sii ndsoethro.about 5 to 7 (at 22" C),

oTe speic only and the invention is limited ornl by the (B) applying the stabilized plasma product to a"ofex.ape te iy e25 strongly basic anion exchanger and separating puri-
terms of the appended claims. tied gamma globulin therefrom,

The embodiments of the invention in which an exclu- (C) eluting the albumin from the anion exchanger by
""sive property or privilegc is claimed are defined as applying a buffet of about pH 4.7 to 4.9 thereto,
follows:• "• and

1. A method of isolating and purifying ntural i- 30 (D) applying the eluted albumin to a strongly acid
mune gamma globulin for intravenous use and albumin cation exchanger and separating purified albumin
from blood plasma, which method comprises: therefrom.

(A) intimately admixing a human blood plasma prod- 9. A method according to claim 9 wherein the -,cpa-
uct containing gamma globulin and albumin and rated gamma globulin is recycled to the anion ex-
contaminating blood proteins, lipids, lipoprotei. 3.5 changer at least once.
and proteoly-ic enzymes with finely divided sterile 10. A method according to claim 8 wherein a buffer
fumed silica, of about pH 5.7 to 5.9 is applied to the anion exchanger'

(B) separating toe silica with adsorbed contaminating after separation of gamm:i globulin and before elution
blood proteins, lipids and lipoproteins from the of albumin, and discarded.
remaining stabilized plasma product, 40 11. A method according to claim 8 wherein said

(C) adju-ing the pH of the stabilized plasma product gamma globulin is further purified by diafiltration and
to about pH 6.8 to 7.2 and the conductivity to sterile filtration.
about 5 to 7 (at 22" C). 12. A method according to claim 8 wherein said albu-

(D) applying the stabilized plasma product to a min is furthe, purified by diafiltration and sterile filtra-
strongly basic anion exchanger and separating pun- 45 tion.
fied gamma globulin iherefrom, 13. A method according to claim 8 wherein sai, ion

(E) eluting the albumin from the anion exchanger by exchange treatments are carried out in a basket centri-
applying ,t buffer of about pH 4.7 to 4.9 thereto, fuge under high gravity force chromatography.
"and 14. A method according to claim 8 wherein:

(F) applying the eluted albumin to a strongly Acid 5o (A) said stabilized plasma product is applied to a
cation exchanger and separating purified albumin strongly basic anion exchanger in a basket centri-
tierefrom. fuge, separated, recycled at least once and resepa-

2. A method accordirg to claim I wherein the sepa- rated,
rated gamma globulin is recycled to the anion ex- (B) a buffer of about pH 5.7 to 5.9 is applied to the
changer at ieast once. 55 anion exchanger and discarded,

3. A method accoiding to claim I wherein a buffer of (C) said eluted albumin is applied to a strongly acid
about pH 5,7 to 5.9 is applied to the anion rxchanger cation exchanger in a basket centrifuge and sepa-
after skparation of gamma globulii and before elution of rated, and
albumin, and discarded. (D) said gamma globulin and blhumin arc further and

4. A method according to claim I wherein said 60 separately purified by diafiltration and stei ile fira-
gamma g.obulin is further purified by diafilhration and tion.
sterile filtration. 15. A method according to claim I whcrein.said

S. A method according to claim 1 wherein said albu- blood plasma product is admixed with finely divided
k man is further purified by diafiltration and sterile filtra- ster ie fumed silica in wet form.

S_ ,tion. 65
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"ponents of multi-cnzyme systems such as the comple-
PURE INTRAVENOUS HUMAN AND ANIMAL ment pathway, blood coagulation, and the fibrolyac

GAMMA GLOBULINS and kininogen systems. Other plasma protein systems of
great physiologic and medical importance include the

This application is a continuation-in-part of my prior 5 immunoglobulins. Thc immunoglobulins differ from all
application Ser. No. 829,565, filed Aug. 31, 1977, now other plasma proteins in their multiplicity, their hetero-
U.S. Pat. No. 4,136,094, issued Jan. 23, 1979. geneity, their genetic control, their antibody specificity,

"BACKGROUND OF THE INVENTION and their biologic effector functions. Immunoglobulins
are defined as nultifunctional proteins that are en-

FIELD OF THE INVENTION 10 dowed with both known antibody spccificity and bio-

"- ."The invention rcl ites to isolated and purified natural, logic effector functions. Further immunoglobulins are
unaltered, indenatured immune gamma globulin pre- endowed with structural features that control and or-
pared by the fractionation of animal blood plasma. chestrate a number of critical biologic effector mecha-
More particularly, the invention relates to intrave- nisms through interactions with the complement, fibri-
"nous!y injectable human immune gamma globulin. IS nolytic, coagulation, and kininogen system of the blood

"plasma. Whether these biologic effector functions serve
SUMMARY OF THE INVENTION the host or result in harmful systemi'z reactions is deter-

In my aforesaid copending application Ser. No. mined by the state of the immunoglobulin molecule.
"829,565, U.S. Pat. No. 4,136,094 whose disclosure is Native immunoglobulins serve t!7: host under normal
"incorporated herein by reference, there is described and 20 conditions whereas .htered or denatured immunoglobu-
claimed a method for producing the intravenous gamma lins result in the generation and triggering of potent,
globulins of the present invention. The products are damaging systemic reactions.
"native", natural, undenatured, aggregate-free, sterile, Immunuglobulins are formed by the lymphoid cell
free from virus and can be isolated in higher yields than system of vertebrates and circulate in the blood plasma.
with the alcohol fractionation method and in a purer 25 They migrate electrophoretically as gamma globulins,
state. but usually are very heierogenous, ranging to the beta

The method involves three basic manipulations. The globulins. There Re rive class. of immunoglobulins
first step: plasma stabilization, the second: isolation and with the lgG class making up the majority of the circu-
"elution from ion exchange resins of gamma globulin and t i• " albumin, and the third step: concentration, dialvsis and -10 lating immunoglobulins as well as con, aining the major-

a a t e n , s ity of the specific protective antibodies in the immuno-
sterile filtration. The plasma stabilization step comprises globulins of the plasma.
treatment with fumed colloidal silica by admixing Isolation and purification of the native lgG protein
plasma with silica and then separating stabilized plasma
from the silica with adsorbed constituents. The stabili- from the over 100 different proteins in plasma has pres-U •' zation accomplishes removal of a number of~aggregable 35 ented as yet unresolved major obstacles in protein frac-
zatio acoplse reoa"fanme o grg e3 tionation. These include isolation of the !gG molecuile
anL. easily denaturable plasma proteins. Also removed .
" a h pi o e t i s ain its native state free of denaturation, and isolation in aare the hepatitis associated antigen in plasma and aso ei ae

"number of proteolytic enzymes and their precursors, highly purified state free of any fragments or activated

-"-which can lead to the degradation and aggregation of peptides that have been shown to dcvejop during vari-

"other plasma proteins and the activation of the kinin 40 ous fractionation procedures. (Activated peptides have

"system. marked pharmacologic effects when injected into man

The second step involves the isolation of the IgG and and can produce severe reactions at nanogram levels.

albumin from the stabilized plasma by reacting this Denatured IRG activates the complement pathway,

material with a sterile ion exchange resin. The IgG and portions of the blood coagulation and kininogen sys-

% albumin are eluted by adjustments of pH and ionic 45 tems resulting in the production of severe systemic

strength. In addition, pyrogenic activity of plasma is reactions.)

removed by these resins. This ion exchange separation CURRENT LICENSED PROCEDURE FOR
step results in the isolation of an undenatured, mono- FRACTIONATION OF HUMAN IgG
meric (molecular weight 160,000) aggregate free human
IgG 99% pure, with yields of between 60-70%. The 50 The only licensed procedure for the fractionation of

I.V. IgG contains less than 1% aggregates and less than human plasma at the present time is the Cohn cold

1% dicsociated materials. The final step involves the alcohol method. This procedure results in the separa-

concentration, dialysis, and sterile filtration of the IgG tion of the three major blood proteins for therapeutic

and albumin. use: albumin-the major regulator of osmotic pressure

The final products have been subjected to the stan- 55 and plasma; fibrinogen-prirnciple in the blood coagula-

Pie. dard quality control tests that have been set forth by the tion system; and gamma globulins-the antibody con-

Bureau of Biologics. These tests include testing for taining fractions. Fractionation of proteins by this pro-

"sterility, pyrogenic activity, and toxicity. In addition, cess and others involving protein precipitants or ion

tests for aggregation, deaggregation and molecular exchange chromatography have net with limited suc-

weight have been performed. Finally, these materials 60 cess. A significant body of evidence has accumulated
have been tested for and shown to be free of hepatitis which demonstrates that the proteins isolated are not

associated antigen, by radio immuncassay. Intravenous natural, native products, but have been denatured ex-

administration of large quantities (over 30 grams) in tensively. The Cohn cold ethanol method depends upon

r over 50 patients has shown no evidence of passage of balancing the precipitating action of the organic w.olvwtnt

"-" epatitig virus nor produced cases of hepatitis. 65 with the solvent actious of the electrilytes present

"Blood plasma of maun and mammals contains more while controlling for five independent variables,

"'"' than 100 proteins, many of which do not have as yet namely electrolyte concentration, alcohol concentra-

recognized functions. Some of these proteins are com- tion, hydrogen ion concentration, temperature, and

Og_"
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protein concentration. To the extent that these variables flected by alterations in effector function,, of the IgG
are controlled depend the purity, yield, and the extent molecule. These include altered anticomplementary
of denaturaiion of each plasma protein isolated. activity, shortened turnover time or half life. and acrtiva-

-. Gamma globulins and IgG isolated by thece prc:ipi- lion of the blood coagulation and kini,"nen systems in
tation or ion exchange methods must be administered 5 the body on intravenous injection resulting in a shock-
intramuscularly. Intravenous administration results in a like syndrome.
series of undesirable side effects which include ery-
thema, vomiting, abdominal pain, fever, collapse and STRUCTURE AND FUNCTION OF THE 1gO
loss of con! ciousness. In marked contrast, the native MOLECULE
lgG of fresh human plasma may be administered intra- 10 The IgG molecule has a molecular weight of 160,000
venously with no untoward reactions. Therefore, the Daltons. It is predominantly protein, but contains 3%
methods to isolate a native product must produce an carbohydrate. Ig differs from protein enzymes which
IgG that has the same if not similar properties of lgG in hav. served as model proteins in that IgG molecules are
fresh plasma. biologically active proteins carrying out many different

15 biologic functions. These biological functions include
PRESENT KNOWLEDGE OF THE NATIVE IgG the primary function--combination of the IgG mole-

MOLECULE cule wvth antigen, and secondary or effector functions
While extensive, detailed information has been pub- such as immunoglobulin or IgG turnover, placental and

lished characterizing the primary, secondary, tertiary, gut active transport of the IgG molecule, activation of
and quaternary structure of the IgG molecule, no docu- 20 complement by the IgG molecule, cytophilic reactions
mentation exists demonstrating that IgG isolated r~nd involving the IgG molecule, metabolism and transport
utilized in these structural studies retains its biological of the IgG molecule including functions 'which deter-
effector function similar to that of the native molecule mine its half life in the circulation, and finally comple-
of fresh plasma. The standards for characterization of ment fixing metchanisms.
-he isolated nati 'e lgG molecule must therefore include 25 PRIMARY AND SECONDARY STRUCTURE
not only structural details, but comparative evidence of
its biologic behavior with reference to the native IgG in The IgG molecule can be regarded as derived from a
fresh plasma. basic structure of two light polypeptide chains and two

These biologic and structural parameters include: (1) heavy polypeptide chains linked together by covalent
native electrophoretic range, (2) native IEP (isoelectric 30 brit.ges of cystine residues. The four chains are paired

point) range, (3) evidence that neither new chemical so that the molecule consists of two identical halves,
groupings have been added nor native chemical groups each of which has one heavy and one light chain. By
removed or altered, (4) one-half time or turnover time amino acid sequence analysis, it is shown that bothin the circulation of three weeks, (5) low anticomple- heavy and light chains have regions in the N-terminal

mentary activity, (6) molecular -'eight of 160,000, (7) 35 portion with highly variable amino acid .-,equences and
no aggregates or low moIl-1.2f .,..gments, (8) rests- regions in the carboxy terminal end "urith constant .
tance to limited proteolys,- C-licative of a non- amino acid sequences.

denatured native state), (', . .rtia' ,teoltic TR
damage by activated p)- .. u .'n in, a - o safe for TERTIARY STRUCTURE
intravenous injection in Ia. uantities. 40 Considerable evidence from a variety of chemical

Stated differently, intrav tous infusion of fresh and physical studies indicates that the heavy and light
plasma is safe, the IgG is not anticomplementary, and chains are folded into a linear series of compact globular
has a turnover of approximately three to four weeks regions called domains. The light chain is composed of
When plasma is fractionated by the current licensed two domains: one corresponding to the variable amino
cold ethanol procedure of E. J. Cohn, b) ammonium 45 acid sequence region, the VL, and the second is the
sulfate precipitation, by ethylene glycol precipitation, constant amino acid sequence region, the CL. In the
or by a combination of these or with DEAE ion ex- heavy chains thcre are four domains, one formed by the
change chromatography, the IgG isolated does not variable region, VH, and three by the constant homo'-
retain the same physiologic characteristics it possessed ogy region, C-,i, Cy2 and C,3. Each three dimensional
while part or the fresh plasma. Upon intr.-- -'us i.. domain corresponds approximately to 110 amino acid
ministration, these preparations fr,." (•. ,esult residues, contains a single intrachain disulfide bond, and
fever, abdominal pain, vomiting, loss of consciousiiess, is linked to the neighboring domains by more loosely
and circulatory collapse. Over 25% of the injected folded stretches of polypeptide.
material is cleared from the circulation within minutes,
with the remainder having a turnover time of less than 55 CION F UCTUE I
three weeks. All of the above fractionation procedures, BIOLOGIC FUNCTION
while isolating and concentrating the predominant neu- ks a corollary to this structural model, it has been
tralizing/protective antibodies as evidenced by in vitro ,roposed that each domain evolved to perform specific
neutralizing assays, impair the biologic effectiveness of functions, and thus the Vt and the VHjointly form the
the IgG molecule by virtue of altering the native physi- 60 antigen binding site where the constant region domains,
ologic state of IgG. The IgG isolated contains aggre- particularly in the FC region, the Cr2 and Cr3, mediate
gated IgG, in quantities which indicate extensive dena- tne biologic effector functions of the immunoglobulin
turation. Up to 25-% of IgG aggregates are contained in molecule. There is evidence which supports this con-
commercial preparations as well as by those prepared cept of structural differentiation of the IgG molecule,
"on ki small s'ale. During the isoation procedure there is 65 and more specifically, that this modular structure is
also evidence that plasminogen of plasma is activated to accompanied by functional differentiation within the
plasmin and has partially degraded the IgG molecule, IgG molcule. A number of investigations have shown
leading to aggregation and structural alterations re- that most of the interactions with the non-specific or
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elf fccor mechanisms of the body occur through the rC tions wilth the comppkment pathway, the coagulation,
rcgimn in the molecule. In sonic cases the locations of fibrinolytic, and !:ininogen systems. In the past undue
these sizes have been precisely defined. For example, it weight has been given to tile fact that lgG molecule-s
ham. bh-c shown that the C,3 domain is involved in the isolated by many different methods are still able to

arnhitiani release for roast cell> in heterocytotrophic 5 interact with antigen in an apparently unimpaired, na-
passive cutaneous anaphylaxss and in the binding to tive wary. More attention must be given to the extensive
heterologous and homologous macrophages. It has also evidence that other functions of the IgG molecule have
been determined that the site controlling catabolic rate, been markedly impaired by alcohol fraction~ation, am-
antibody dependent cytotoxicity, and complement fixa- monium sulfate salting out mcthod, polyethylene glycol
tiori arc likely to be essociated with thc C- 2 donirair or 10 method, etc., nicthods that all isolate IgG with little
"to depend on the presence and the integrity of both impairment in its ability to combine with antibody, but

" domains since these activties are not displayed by iso- have marked denaturatinp effects on the other portions
lated C.3, or the PFC. of the molecule. Denaturation as reflected by the pres-

ence of up to 25% aggregates, significantly decreases
NATIVE, UNDENATLIRED MOLECULES IS half life in the circulation, and significantly increases

SREQUIRED FOR FULL NORMAL DIOLOGIC complement fixing activity.
ACTIVITIES

The domain hypothesis proposes that the homology STANDARDS FOR THE NATIVE ISOLATED
regions of the immunoglobulin molecule have evolved lgG MOLECULE

independently to perform separate functions. More 20 The standards characterizing the native IgG mole-
recent work suggests that the roles played by tire indi- cule must include comparisons with IgG prepared by-
vidual domains and the mediation of effector functions the current and prior art with IgG prepared by the
are in many cases more complex than those envisioned method claimed in my aforesaid application Ser. No.
in the domain hypothesis. Although some functions 829,565 with final proof resting on the determinable
such as CtQ binding require only one domain, other 25 characteristics and properties of the molecule in fresh
activities are dependent upon higher orders of structure plasma. While some modifications of IgG from its na-
involving pairs of domains, or more likely the native tive state can be directly demonstrated by structural
conformation of the complete IgG molecule. studies and in vitro tests of biological effector functions,

Finally, there is strong evidence to indicate that the final definition of its native state must include purity
minoi modifications in the domain structure resulting 30 and structural analysis, coupled with comparative stud-
from methods of fractionation or from limited proteoly- ies between the different IgG's and IgG in fresh human
sis by proteolytic enzymes; alter the IgG molecule from plasma particularly when each is intravenously adminis-
its native, physiologic state in the 'ilood and result i. tered.
marked alteration in complement binding, anticomple- Purity-The current standards of purity whereby
mentary activity, and turnover rate. 35 contaminants present in no lower than microgram con-

centrations are identified cannot be used since it has
been demonstrated that the current IgG preparations•, NATIVE IgG M(A.F.C.11LE .... I

T-L Lcontain nanogram quL3anttties of peptides with potent

"Methods to isolate IgG from plasma in its native, pharmacologic activity. The administration of these
physiologic state must take into consideration condi- 40 materials produce severe vasoactive reactions. There-
tions when denaturation occurs and must take into ac- fore the purity standards for native, non-denatured mo-
count specifically the area or areas of the IgG molecule nomeric IgG must Se at lower levels to include an anal-
Itw sst susceptible to alteration. The heavy chains of the ysis of these substances.
IgG molecule contain a length of polypdptide chain, Structural Analysis-Structural parameters defining

, between the C.t-l zd C-.2 domains, known as the hinge 45 altered or denatured IgG are at best rather ill defined,
-region. In this reýion there is flexibility between the but include such gross characteristic. as: (1) molecular

% antigen combining region (FAB) and the complement weight characterization of the different molecules mak-
fixing segment (FC). The hinge region is rich in proline ing up the IgG preparation inclading both high molecu-
amino acid residues and contains the inter-heavy chain lar weight aggregates and low molecular weight frag-
disulfide bridges. Under conditions of controlled dena- 50 ments, (2) anti-complementary activity, (3) native elec-
"turation, IgG can be enzymatically cleaved at points trophoretic mobility ranges, (4) native isoelectric point
lying between d:amains in preference to those lying ranges, and (5) demonstrating that the monomeric
within domains. (This suggests that domains form a 160,00r, molecular weight IgG molecules are resistant
relatively corhpact structure joined by short sections of to limited proteolysis by plasmin.
looser structure.) The hinge region appears to be the 55 In Vivo Characterization-The denatured non-native
most susceptible part of the molecule to denaturation IgG molecule exhibits a number of altered biologic
and enzymatic cleavage. Fragmentation with papain, effector functions. Behavior of such IgG in the circula-
pepsin, or plasmin has generally been used. tion of the body can only be assessed by comparative in

The IgG antibody molecule's primary function, vivo studies involving intravenous administration of
namely its combination with antigen which occurs in 60 both the lgG of fresh plasma and the purified IgG prep-
the FAB portion, is most resistant to denaturation (or aration. These include: (1) demonstration that the prep-
other conditions altering shape or causing change oration is safe for intravenous administration in quanti-
"within the molecule). While the primary fur otion re- ties of up to 200 mg/kg and does not produce either
mains unaffected by denaturation, the hinge region and circulatory collapse, fever, pain, vomiting, or activate
constanrt domains of the FC region are markedly al- 65 the kinin in the complement systems, and (2) half-life or

• " tered, an effect reflected by marked changes in such turnover times similar to IgG of normal plasma.
biologic effector functions as IgG turnover rate, metab- WVhile some modifications of the lgG molecule from
olism, and complement fixation, and normal interac- the native state can be directly demono-trated by struc-

a. . . . . . . . . . . . . . - . - - - - - -'•n .
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tural studies and in vitro testing, the final definition of umn diameter and length. etc. were made with a reprt
the native molecule must include both structural and sentative ethanol fractionated IgG, with a reduced and
biologic evidence that on intravenous administration aikylated intravenous lgG, with chemically altered /3
the lgG molecule behaves in a similar way to the IgG of propiolactone treated IV IgG anJ an ethanol piecipi-
fresh human plasma. The structural parameters denot- 5 tared plasmin degraded IgG. Quantitative assessment of
ing the nati- !, undenatured, unaltered IgG molecule the p.:rcent aggregation, percent fragments and alter-
include: (1) native clectrophoretic ranges, (2) nntive ations in molecular shape were dcternined by placing 2
isoelectric ranges, (3) molecular weight of 160,000 nil samples of IgG at a concentr.aiori of 45 mg/ml over
"Daltons with no aggrevated IgG and no IgG fragments, a Biogel A 1.5 column. The column was 2.6 cm in diam-
(4) low anti-complementary activity, and (5) resistance 10 eter by 94 cm in length. Ihe emerging protein was
to limited proteolysis with plasmin. The biologic indica- collected in 7 ml aliquots and protein concentration
tors denoting the native, undenaturcd, unaltered IgG determined by absorLance at 280 millitnicrons or by
"molecule include: (1) normal half-life or turnover time quantitative determination of lgG content in Mancini
following intravenous administration of three weeks, (2) plates.
no evidence of early accelerated (within minutes) phase 15 With this method molecular weights plus molecular

. . of rapid clearance following intravenous administration shape und hydration affect the behavior of molecules
(indicative of IgG partially degraded by plasmin and during chromatography. In general, protein molecules
aiggregated IgG), (3) safe for intravenous administration appear in the column vctiate in order of deci easing size.
in large quantities (200 mg/kg) in the clinical setting The columns used had been standardized and calibrated
(with clearly demonstrated freedom from untoward 20 for molecular weight determination using a number of
reactions such as fever, vomiting, loss of consciousness, different standardized protein molecules.
etc.), and (4) free of properties activating the comple- FIG. 1A represents tie elution curve derived from
ment pathway, the blood coagulation and kininogen this type of structural analyses and constitutes the pro-
system. totype for native human lgG. The lgG was prepared by

THE DRAWINGS 25 the method incorporated in application Ser. No.
BRIEF DESCRiPTION OF 829,565. The protein elution curve is symmetrical indi-

- The invention is further illustrated by the accompa- cating monomeric molecular species of identical shape
M fying drawings in which: and volume. Aggregates constitute less than 1% of the

FIGS. IA through IF represent the elution curves total protein eluted. Fragmented IgG also constitutes
derived from chromatographic analysis of various IgG 30 less than 1% of the total protein added. The protein
preparations compared to native IgG, FIG. 1A consti- elution curve is consistent with a monomeric, unaggre-
tuting the prototype for native human IgG; gated, unfragmented native IgG. This elution cure is

FIG. 11 representative of elution curve of hurnan to be contrasted with the elution curve for the follow-
"IgG prepared by alcohol fractionation followed by ing non-native IgG preparations.
reduction and alkylation; 35 FIG. lB is representative of elution curve of human

FIG. IC is a protein elution curve from a-Biogel IgG prepared by alcohol fractionation followed by
column of a fractionated human. IgG that has been reduction and alkylation. The clution is not symmetri-
treated with ,8 propiolactone; cal. High molecular weight aggregates constitute 20%

' ., FIG. ID is a rcpresentativ.e elution curve characteris- of the total protein of thi- preparation with a very high
tic of IgG prepared by methods involving ethyl alcohol 40 percent of high molecular wveight (over 1,000.000) ag-
precipitation, ethylene glycol precipitation, and salting gregates.
out procedures; FIG. IC is a protein elution curve from a Biogel

FIG. 1E is an elution curve from an ethyl alcohol column of a fractionated human IgG that has been
fractionated IgG that has been degraded by. plasmin treated with G3 propiolactone. This IgG contains over
activated during the fractionation procedure; 45 14% aggregates, some consisting of very high molecu.

FIG. IF is an elution curve of alcohol precipitated lar weight materials. It also contains detectable levels of
"IgG analyzed in total protein to determine the distribu- fragmented 50,000 molecular weight IgG (2.5%). The
tion of various molecules, and concentration of the main peak rather than being symmetrical is altered and
various peaks in terms of IgG, A, and M; and consists of only 83% of the total protein.

FIGS. 2A through 2D show the differential effect of 50 FIG. ID is a representative elution curve characteris-
plasmin on denatured IgG and native IgG. tic of IgG prepared by methods involving ethyl alcohol

precipitation, ethylene glycol precipitation, and salting
C R T Z I OTout procedures. Protein concentration, elution and col-

"AGGREGAT-ION, FRAGMENTATION AND umn dimensions are identical on all runs. The protein
SHAPE CHANGE OF THE VARIOUS IgG 55 elution curve is not symmetrical. Sixteen percent of the

"PREPARATIONS WITH COMPARISON TO total protein is composed of various high molecular
"NATIVE IgG weight aggregates. These aggregates include dimers,

Exclusion chromatography using acrylamide copoly- trimers, tetramers, and molecular aggregates greater
mer beads (J3iogel A 1.5) was selected as the method to than 1,000,000 molecular weight. There are not appre-
determine the number of different molecular weight 60 ciaole quantities of fragmented IgG in this preparation.
component,. in each IgG preparation and to determine if The elution is not symmetrical.
possible de~ectable changes in molecular shape. Since FIG. 1E is an elution curve from- an ethyl alcohol
plasma contains numerous different proteins with mo- fractionated IgG that has been degraded by plasmin

-,, . iecular we:,ght similar to the 160,000 Dalton IgG, the activated during the fractionation procedure. While
. ., prototype for the native lgG was prepared from human 05 there is a reduced amount of aggregates, 27% of the

k ,.', plasma b) the method incorporated in my aforesaid total protein consists of IgG fragments with a molecular
application Ser. No. 829,565. Comparisons under identi- weight of around 52,000 Daltons. The ethyl alcohol
cal conditions of protein concentration, gel type, col- precipitated plasmin degraded preparation shows both

. ,r%... "o ,. . .. . . .. .. . . . .
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aggregates and fragments. This method of trcating- alco- thc protein mtoleculc, this is reflected by a new isoelec-
hol fractionated IgG with plasmin has been attempted ricr point range. The method also is very sensitive in
and rmaterials of this type have been tested clinically to dctecting at terauiom that contribu,e to the heterogenf-

S'. determine their suitabiliiy for intravenous adminitra- ity' of inruriountlobulins. The heterol'cgnity of pooled
.-, tl(. h is difficult to control the amount of proieol vý,s. 5 nalkie I'.!.U \\ hen focuwcj resul', in a broad isoctlectric

[.."*" .- [ • h it also cleai from published studies that plasin de- spmctrum of what appears to be homogeneous protein
. graded material is cleared very rapidly from the circula- (with broad rather than sharp narrow bands). When the

tion so that large doses of material must be administered lgG has been modified, either chemically or broken
to achieve therapeutic levels. dolwn structurally to fragments, this introduces an addi-

, FIG. IF represents Biogel elution curve of an EtOH t0 tional type of heterogeneity-a microheterogeneity
pr,ýiipitated IgG analyzed in two ways-first, total pro- generated by alteration of the native IgG and is re-
tein to determine the distribution of various molecules, flected by the introduction of a number of sharply de-
"and setcond. concentration of the various peaks in terms fined n_ro,,ov bands of various isoelectric points.
of lgG, A and M. The IgG, A and NI content of each Analytical isoclectric focusing has been performed in
fraction was determined by diffusion in Mancini plates 1P polyacrylamide gel. The gel matrix stabilizes the pH
and a curve constructed from data derived from this gradient against convection. Polyacrylamide gel has
information, As it can be Eeen, the high molecular most of the properties needed as a support for elec-

. weight aggregates as well as the tetramers, dimers, trofocusing, it is desirable that the gel have a suffi-
trimers, are all composed of IgG and not contaminating ciently lrge pore size to permit free passage of the
proteins. 20 proteins during focusing. The polyacrylamide gel for

This type of structural analysis demonstrates the ex- the electrofocusing to be described w.as cast in a 2 mrn
trerne susceptibility of the human IgG molecule to alter- layer on glass plates.
alton by a number of currently practiced isolation pro- During isoelectric focusing, rjroteins migrate electro-
cedures. Precipitation of lgG with ethyl alcohol, chemi- phoretically in a stationary p- gradient generated by a
cal modification with /3 propiolactone, and reduction 25 number of low molecular weight ampholytts of varying
and alkylation of the molecule all result in significant IEP's. A steady state is reached in which sample prote-
quantities of aggregates. (See Table I for comparison ins are concentrated or focused as bands at their isoelec-
with native IgG.) In addition, there is evidence that tric. point. The gel used in this experiment (LKB
these procedures result in marked shape changes as is 1804-101) contains a polyacrylamide concentration of
reflected by the asymmetry of the elution curve, of the 30 5%, an ampholyte concentration of 2.45% (w/v), is 3%
main 160,000 molecular weight components. Since both crosslinked and is 235 X90X 1 mm in size. An LKB 2117
fragments and aggregates are eliminated from the circu- Multiphor unit is used in this experiment along with an
lation within minutes, there is alqo a drastic reduction in LKB 2103 power supply. Filter paper tabs (5XtO
the quantity of 160,000 molecular weight molecules that mm-W\hatman, Paratex) containing 20 p±l of sample
would remain in the circulation and have some beriefi 35 (0.1 mg protein) are used for sample application. The ,3
cial effect. The altered shape and the significant aggre- propiolactone IgG was applied near the cathode while
gatiý- ;s strong supporting evidence that these fraction- the remaining samples were applied near the anode, The
anio0, I ocedures result in extensive denaturation of the samples were focused at 4" C. for 90 minutes at a con-
IgG molecule. stant 30 watts. The application tabs were removed after

40 45 minutes and the pH gradient of the gel at 4' C. deter-THIN-LAYER POLYACRYLAMIDE GEL he end of the run. The pH is determined every-
COMAISOELECTRIC FOCUSING OF IgT: 10 mm using a Beckman 3500 meter with a 5 mm combi-
COMPARISON OF NATIVE IgG WITH nation electrode (Beckman 39505). The pH of the plate

CHEMICALLY ALTERED, STRUCTURALLY ranges from 4.9 to 8.9. The plate is refocused for 10
MODIFIED, AND DENATURED IgG 45 minutes and then the proteins are fixed by placing theProteinsisouinhvanectc chiarge. When gel in a solution containing 1% methanol (%,/v) and

these solutions zre placed between two electrodes con- 0.5% sulphosalicyclic acid (w/v) for 45 minutes. Prior
nected to a source of direct current, the proteins will to staining, the plate is soaked in destaining solution
migrate to the electrode of opposite charge. Thus, posi- (25% ethanol [v/v) and 8% acidic acid Iv/v,) for five
tively charged ions migrate to the cathode and are 50 minutes. This step allows the plate to equilibrate to
therefore termed cations, and negatively charged ions staining conditions and allows for the complete removal
migrate to the anode and are termed anions. Generally of ampholytes from the gel. The plate is stained for 10
proteins migrate to the cathode in acid solutions and minutes at 60' C. in a filtered preparation containing
toward the anode in alkaline solutions. There exists a 0.1% (w/v) Coomassie Blue R-250 dye in destaining
pH value at-which a given protein would not move 55 solution. The plate is destained for at least 48 hours with
toward either electrode. This pH or pI is defined as the several changes of destain.
isoelectric point and is a constant which can aid in the The isoelectric range of various preparations of
characterization of the protein. Isoelectric focusing is a human IgG is presented in Table 11. Note that the native
very high resolution technique for the separation of IgG sample #5 has a pl range of p1 6.4-8.8. The ,0
proteins according to their isoelectric properties. Be- 60 propiolactone treated IgG sample #1 with pl range of
cause of their heterogeneity, immunoglobulins and IgG 5.6-7.2 demonstrates that there has been significant
in particular have broad isoelectric pH ranges rather chemical modification of surface charge markedly alter-
than a narrow point such as would be the case for a ing the pl range from the native state. The reason for
homogeneous protein like serum albumin. However, this is that /3 propiolactone reacts with carboxyl, amino,
even with the broad ranges, this method can be used to 65 hydroxyl. sulphydryl, and phenolic groups of proteins.
characterize most particularly the IgO's that have been EtOH purification of lgG has a Somewhat nearer range

2 "-,* ~ chemically modified in preparation. When these chemi- than the native material; however, the EtOH plasmin
cal modifications alter the number ofcharged groups on degraded sample #6 has the broadest range of 6.18-8.8.

. . . . . . . . . . ...... . . .- - . .,.) • . ',.. :'• "••',,% w,-.•',,• •
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The polyacrylamide focused gel from wihthese the two stups of ainalysis Arc performc-d "cqentially.
2" ranges were uerived demonstirats Anothci, frmurc of B~uffered ngav is poured onto a horizontal glass plate to

this Iypc of an analysis. namely th1e :icro-hectrovencit~ v uniform thickness. Following solidification arid cur-
2 of each precparation. There are tsA,, oprocedutes Whichi ing. a longitudinail ceniter trough is cut Piot in the mid-

w-,rc'duce signiificant rnicro-hctcrogcneity to the lgG-#U s line and a well punchemd out onl either bide of the tmugli'propiolaciote treat ment %ample #I and plasmin degra- for elect~ophoresis of the set urn sample. After the
dation sample #6, The sharp dense bands in the plasmin serum is placed in the center well, it is separated under
treated Sample are derived from fragmentation of the the influence of an electric field, and the charged pro-
aggregates and degradation of some of the 160,000 mto- tein particles migrate. Among the factors governing the4
lecular %ý eight molecule% and contribute to the hetero- I10 migration may be the charge. size and shape of the
geneit N seen here. These fragments would of course be tecnetain oi tegh Ho hparticles, tecnetain oi tegh Ho hclearedl .cry rapidly from the circulation and would not solvents, the temiperature and the viscosity of the met-
be thzere for therapeutic effect. The U3 propiolactone dium, and the character and intensity of the electrical
treated lgG demonstrates the most marked alterations fieýld. Following 80 minutes at 150 volts at which time it

N. of the molecule both i,. IMP and in mntcro-heterogenetty. 15 has been found that theprtisudraali hvalWhat effects these would have- un introduction in the rahddsrbe poen ne nlsshv l
reaced esirbleseparation, the slide is taken out of the

-. ~~host is not clear. However, one wvould expect an impair- elcrcildadnatirascfctoihrhun
mnent of some of the effector functions of the molecule elcrcfldadn tir scfctoihrhu n

andsinifcatlyreuce hlf-if inth cicuatin.In gamma globulin or whole human serum protein is
andsigifianty rducd hlf-ifein he irclatonIn added to the center trough and allowed to diffuse into

addition, alteration of surface charges by 13 propiolac- 20tea~ n ec ih ahoeo h eaaetone indicate tie native groups have been replaced byagrndectwhechoeftesprtd
forigncheica grupngs chrge moifidand plasn.a protein consttuents. Follow.ing a 24 hour period

foregn hemial rouings chrge modfie, . for equilitbrium and diffusion of the antisera into the
could post added hazards by introduction of foreign csthre aehnwsedihslnefra4 ou4. aaitigenic determinants that could ,v'ell genet-ate anti- ~ tegl r hnwse ihsln o ~hu

bodywhih wuld eac wih th f3proiolaton -. period to rt-move any unreacted protein, then stained

tratd molchwule, ec ihte rpoatn with an amido black dye, dried and photographed.
* TABLE I ELECTROPHORETIC MOBILITY

MOLECULAR SPECIES IN DIFFERENT Electrophoretic mobility and impurities contaminat-
HUMAN lIg, PREPARATrIONS: COMPARISON OF ing various lgC preparations can be visually compared

AGGREGATES. MONOMERS. 3
AND FRAGIMENTS WITH NATIV'E I rG with native lgG in the human plasma. Immunoelectro-

AFraaie phrsi f samples against an antisera was observed
> 3000 60M 5.00 retic mobility of native lgG sample #4 and plasma lgG

IV W . ~samples # 6 and #'r7 were compared with the other lgG
Naiehuman I V<I .99 preparations. Samples were all at a proteitz conccntra-Reduced & Atkytated Igo IV 20 so < I tion of 10 mg/ml. Sample ý I contained the J3 propiolac-* G propiok.-ioIne ]go, IN' 14 83 2.5

EiOH laýG, IMt I6 I. tone treated lgG and had clearly altere6 electropho-
LiOH plsnISIM6 27 relic mobility w.hereas the reduc.ed and ayltd Sam-

2i w.1 ample arriord to2.6~ x 94 e Diosc A, 1.5 colvinni Prote~in concnitlo 45 40 pie #2, the ethyl alcohol sample., #3 and #5 showedA
mL/niI. To~tal Protein applied 90 ins relatively similar eli-ctrophore-tic mobility to the nativ'e

lgG and the lgG in plasma. The alteration of the dlee-
TABLE 11 troiphorctic mobility of the 13 propiolactone treated IgG

ISOEL.ECTRIC RANGE OF would be expected from the demonstrated changes in
V'ARIOUS PREPARATIONS OFINttMAN !G 45 IEP.

SAMPti The precipitation bands from the immuto-diffusion
# Preparation pI Range part of the immunoielectrophoresis performed with anti-
I j6 propioilacione ISG. IV preparaiion 5.,72 numan IgG showed only the presence of the ISG in

2 Reduced & Alkylated ISO, IV preparation 6.5-9.0 each preparation including wvhole human plasma. To

3 Nativ human IMO I prepairation 6.7-8.7 nec apeteinuoifso ato h mu
I0.I4T~SU~fL ~5 : demonstrate the presence of other proteins or impurities

6 FOH lasin goaMprearaion6.1-9.3 joeectophress mstbe performed with anti-human
Sampe polvi cocenatio 5. vni/mlTotl voumc20 p. 01 m tanti-wholehoe sserumheantiwhoeborumynt is addeddde

to te toug beaus itcontains antibodies to at least 30

55 dffeenthuma plsmaproteins and can therefore be
6 IMMUNOELECtrop oresis an ANALYSIS used to determine impurities in each sample. The sample

Immncilecrohorsiscandeonsrat anumber of protein concentration in one experiment was 10 mg./mI
factors, but for this study its purpose wvas to demon- in order to demonstrate the complexity of proteins in
strate two features-first, if there were any changes in plasma while the sample p.-otein r-)ncentration in a
the electrophore-.ic mobility of the gamma globulin 60 parallel companion experiment was 40 mg/mI to dem-
suggesting chemical mod-fication, and second, if there onstrate the extent of impurities in each of the lSGt
were any impurities present in the gamma globulin. preparations. It wvas shown that in addition to the intro-
Although this method is not the most sensitive for de- duction of additional negative charges, that the 83 propi-
tecting impuirities, it is possible to pick up contaminants olactone treated lgG sample # I contains a significant

X~that are present in microgram quantities. 65 contamination with another anodally migrating protein.
2' In immun'oelectrophoresis two methods are comn- Sample #2, the reduced and alkylated IgG, shows split-

bined, gel electrophoresis followed by immunodiffu- ting of the main IgG band indicating partial fragmenta-
sion. A buffered, agarose gel is used as the medium and tion.
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W Where the protein concentration of the sample had creased solubility, change of shape and greater asyrnme-
,bccn ilcrca,.-d to 40 ig/nil, we see hebtcr thc extent of tr.. It is well known 1;t\, denatured proteins generally
cortamin.aing proteins in the variouw, IG preparations. ate more susceptible to t,)- attack of proteolytic en-
The /f pt )piolactoflc ic'id lg(..i sample t. I contains In 7ymes and native llit tliS. Tlhc unfolding of the niative
addition to the two major components at least two other 5 protein makes the peptide ho id more accessible to en-

.... , protein arcs adjacent to the well. Sample #2, the ic- zymic action, thereforc, one -,could expect denatured
duced Pnd alkylaled lgG, also is contaminated with proteins to be more susceptible to the attack of proteo-
these anodally migrating proteins including a band near lytic enzymes than the nati\e piotrins.
the well. Sample #3, ethyl a;cohol precipitated human The method developed to qu.ertitate the extent of
IgG preparation, contains small quantities of the aaod- 10 denaturation of variou, IgG prep trations for compari-
ally migrating component plus some splitting of the son with native lgG utilizes limitec- proIColysis with the
main band and two additional minor bands near the enzyme plasmin. Plasmin is an znckpeptidase and
1.well. The native g (sample #4) can be seen as homo- cleaves arginine-lysine or valine-isohlucine pptide

ge~neous and consists of IgG. The fifth well contain4s bonds. The limited proteolysis test with plasnuin was
another ethyl alcohol treated ethyl alcohol human IgG 15 achieved by incubating at 37" C. a soluficn of each IgG
indicating less contamination than in the other prepara- preparation in a 0.05 M Tris HCI, 0.2 M NaCI, 0.02 M
tions. It is to be noted that there is some variation from glycine buffer (pH 8.0) 0.5 ml with humati plasmin en-
manufacturer to manufacturer in these proteins and that zyme solution 300 units containing 8.1 miVirl ot acti-
romre practice a higher degree and more sophisticated vated plasmin. The plasmin was act .ivated byincuZ~aiing
art than others. 20 with 2330 units of urokinase. The reaction of IgG and

SThe immunoelectroph'oretic analysis of the different plasmin contained 105 mg LgG/2.5 mg phsmin, a ratio
IgG preparations confirms the fact that P propiolactone of 42. The reaction was stopped at 18 hours hy ^.eezing
isoelcetric point alteraions are reflected in changes in the samples at -70' C. and then at a time when they
electrophoretic mobility. In addition it demonstrates could all be run together, they w,-re eluted from a Bio-
that the reduced and alkylated as well as some of the 25 gel A 1.5 2.6X94 cm calibrated column. The effluent
alcohol fractionated matcria, contain a splittin-g of the was collected in 7 mm aliquots and the optical density
IgG main band and more importantly that with the determined by adsorption at 280 rnillimicrons. The per-
exception of the native IgG, these other preparations cent of protein in each of the peak. was calculated by
contain varyiiig degrees of contaminants, from ,hose determining the total area of the eluted peaks by planim-

*present in mill;,ratm quantities to those detectable in 30 etry and approximating areas of each peak's overlap.
microgram quartities. It is to be anticipated that be- The elution of protein from the Biogel A 1.5 column
cause of the relative impu~rity that there are a number of is illustrated in FIG. 2. Native IgG (FIG. 2D) incubated
other undetectable contaminants present in nanogram at 37' C. for IS hours at a concentration of 45 mg/ml
levels in these preparations. without plasmin elutcs from the Biogel in a symmetri-
QUALITATIVEASSESSIMEN'.OF THEEXTENT 35 cal, uniform peak of molecular weight of 160.000

ADaltons, no aggregates nor fragments. Following lim-
OF THE DENATURATION OF IgG: ited proteolysis with plasmin (FIG. 2b), the native IgG

EIg WITH appears unaltered, the peak is still symmetrical with
NATIVE IgG-DETERMINATION OF little or no evidence of fragments or aggregates. This

DENATURATION BY SUSCEPTIBILITY TO 40 cdemonstrates that under conditions of this experiment
LIMITED PROTEOLYSIS BY PLASMIN the IgG pr•paration was not acted on by plasmin and

Proteins, particularly those that exhibit characteristic therefore is a native IgG.
biologi- activity as enzymes, immunoglobulins, and The elution of the EtOH IM IgG th..t was incubated
lgG in particular, usually lose some if not all activity on for 18 hours at 37" C. with no enzyme is illustrated in
denaturation. Denaturation may be caused in various 45 FIG. 2C. There is extensive aggregation including di-

o ways. Among these are heating, treating with acid, mers, trimers, and high molecular aggregates. The peak
"h alkali, or organic solvents such as ethyl alcohol, and shows distinct asymmetry. Inqubation of this IgG prep-

finally concentrated solutions of salt or dilute concen- aration with plasmin under the identical conditions as
trations of protein in solution. All these treatments will the native lgG is illustrated in FIG. 2A. Results of this
cause an alteration in the solubility properties of most 50 study show the following: (1) disappearance of most of
proteins, but proteins show a wide difference in sensitiv- the aggregates, (2) the reduction in the main 160,000
ity to any one of these methods of denaturation. In molecular weight peak, and (3) formation of a second

, practice if treatment is not unduly prolonged, the dena- peak containing 52,000 molecular weight fragments of
"turation may be reversed by restoring the condition at IgG. Quantitation of the differential effect of plasmin on
which the protein is stable; therefore, we can distin- 55 EtOH IMvI IgG and native IgG is presented in Table Il.

guish between reversible and irreversible denaturation Native IgG is resistant to limited proteolysis by plasminI of proteins. In theory all denaturation is reversible, whereas plasmin attacks and degrades the EtOH IM
The change in shape and the presence of aggregates IgG. Aggregates which made up 13% of this prepara-

on Biogel elution heretofore described for different tion are attacked and end up as 52,000 molecular weight
. ...- IgG's, suggested that the IgG's were altered and dena- 60 fragments. More significantly, the main 160,000 molec-

"tured by methods of isolation and purification. A more ular weight peak is sensitive to plasroin proteolysis to
precise and quantitative method of determining the the extent that 39% of tl'is material is hydrolyzed and
extent of denaturation of IlG was therefore explored. appears as the 52,000 molecular weight fragments. This
"Since the essential feature of the de,,aturation process of is particularly informative since it confirms that the
proteins is associated with an unfolding of tightly coiled 65 asymmetry of this peak that suggested denaturation

v -' .. peptide chains leading to the disorganization of the clearly represents extensive unfolding of the polypep-
"•. internal structure of the protein, we look for other tide chains to the extent that plasmin now can attack

% means of determiring denaturation other than de- and degrade this 160,000 molecular weight component

. ..,
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since approximately 40%7 of tht 160,000 molecules arc in a manner indistinguishable forom that of antigen/anti-
nowv susceptible to proteolysis by plasrnin. These are body comnple7cs.
representative results of a niamber of experiments con- The methods used in these studies to compare the
firmning that other methods of p) eparing IGO /3 propio- anticornplemientars- activity of various IgG prepara-
lactone, reduction and alkylation, salting out, ethylene -5 lions with native IgG in:olved cthe determinationi of the

- 1glycol precipitation denature the protein and render quantity in miicrograms of lgG protein required to fix
themn susceptible to the attack by the proteolytic en- 50% of a standard preparation of Cl complement. Corn..
zynie plasmin -while the native IgG is unaffected. parisons were miade of anti-complementary activity of

TABL Illhumrin IgG preparations with native lgG by dctermin-
-10 ing the micrograms of IgG protein required to fix 50%

ON IERI011 W EFFE( t AND N 'ATIENGt of Cl. Table 1\1 shows results oý these determinations.

Samtte O El~i 15 Ir~ AN? NATi~'Ekc; hr the exception of thc EtOl-! plasmin IgG IM prepa-
F~rOt IO IMAggegae; t).tX~ eak 2.00 ~ ration, there is a direct rehitionship between the aggre-

EiOlt IgG N 151c les 1%45 gate concentration and the anti -complementa ry activ-
Phistnin15 ity. This is particularly notewvorthy since plasmin degra-

Percent 160,000 peak. 39%7 dation removes aggregates and reduces anti-comple-
attaclied by pasia~ni mentary activity. This method has been used in the
Native tgG les 1~~in 0 99%, prepa~otion of intravenous IgG. However, there have

Percnt 10,00 Pea 1%been many problems associated with this because the
Perent160000Pea 1%20 extent of deg-radation of the main 160.000 molecularattached by plati weight IgG' cannot be adequately controlled. This re-

sults from the fact that the main peak- is also extensively

IN VITRO ASSESSMENT OF ALTERED denatured as heretofore shown. The EtOH Red Cross
BIOLGICEFFETORFUNCION OFIgCJ containing 30% aggregate-, was the most active in

VAROUSIgGPREARTIOS CMPAED 25 fixation of Cl complement since only 0.15 microgram
WITHNATVE IO: NTI-OMPEMENARY fixed 50% of the complement. Also of interest is the fact

ACTIVITY AS AN INDICATiON OF that while there is a direct general relationship between
DENAURAIONthe extent of aggregation and the anti-complemnentary
DENATUATIONactivity, the quantity of the EtOH reduced and alkyl-

In its normal state in blood, IgG does not interact 30 ated IgG IV for fixation of complement required
appreciably with components of the complement sys- twenty times the quantity of protein for 50% comple-
tem. The biologically active sites wvithin the FC region ment consumption. The purpose of ieduction find alky-
(C72 domain) of IgG that interact with complement are lation of this IgG was to reduce its anti-complementary
expressed or expnsed as a result of conformrational or activity and this is demonstrated and supported by these
structural changes that normi~lly result following spe- 15 studies. However, the native lgG has si-nificaruly less
cific antigen/antibody combination with surface anti- anti-complemerctary activity (400-fold le~ss) than any of
gens on bacteria, viruses, altered cells. Results of this th te rprtos hs nlyses% add further sup-
combination normally mediate many aspects of inflam- port to the fact that a great number of fractionantion
mation and facilitate ingestion of pathogens by phago- procedures produce denaturation in the IgG molecule,
cytes. Once !h.- site in the FC region (C, 2 domain) i-; 40 particulaily wilcil 0111]41-ed to j,~tv IgGl. Tilicbc
exposed, the first component of complement Cl attaches osrain r ossetwt h iwta hr
through a non-covalent linkage or ionic. bond and re- have been extensive alterations in the structure of these
sults in enzymatic activation of the complement cas- molecules, particularly in the FC region that result in
cade. Structural alterations of the IgG resulting from exposing the biologically active complentent fixing sites
denaturation by solvent precipitation such as aggregate 45 and provide information explaining w%,hy )n intravenouis
formation also expose these: biologically active comple- administration these preparations of altered, denatured

mentfixng ite. Tereore he xtet o copleent IgG produce signuificant systemic reactions, one of
fixation or anti-complementary activity of IgG can'be which involves the activ'ationt of ihe complement cas-
used as a measurement of denaturation and alterations cade, It should be noted that plasmin 6egradation, re-
fromr the native state. 50 duction and alkylation, and 8 propiolactone treatment

ONIt was observed in 1944 that fractionated IgG was o g eueisat-opeetr hl hr r
anticomplementary. Subsequently in 1945, it was dem- still appreciable quantities of aggregated IgG. Comple-
onstrated that aggregates in the fractionated IgG were n-ent fixation therefore has some limitations in assessing
responsible for thi~s effect. Later in 1959 it was shown denatured lgG.
that heat denatured (aggregated) IgG fixed complement

6-ý .ý'. TABLE IV

COMPARISON OF ANTt-COMPLENIEN'TARY ACTIVITY (C' BrINDING)
OF HUMAN IgG PREPARATIONS Wll-I NATIVE IeG

Percent Anti-Comptirmeniary
Preparitions Molecular Sire Aggreraion Aerivir v

EiOH IVG Red Crc~is 160,000 (69%7) 30% 0.15
EiOH IgG IM 160,000 (84%) 167C 0.44
ErOH-Reduced & Alkylair~d IgG IV I t,0,XX) (80%) 20-1 8.00

r'-mEtOH-plamsrnn ISG IM 160,000 (63%) 52.000 (27%) 7% .22(00
Native IgG IV 160.000 (9%) te~s 1% 500.0)

pg Proizn rervrred in fix 50%, Cl'q.

N,.
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PHARMACOLOGICALLY ACTIVE IMPURITIES TABLE V
IN HUMAN IgG PREPARATIONS: REMOVAL OF THE COMPLEMENT, COAGULATION AND

COMPARISON OF NATIVE lgG WITH HUMAN KININOGEN COMPONENTS OF PLASMA WITH SiO,

'~. IgG PREPARED BY CONVENTIONAL 5 Ps~
METHODS Plsaplasma

Components of the fibrinolytic, coagulation and ki- Total protein 64 mg/nit 70 MA/n,!
*ninogen systems of plasma are activated during frac- Fibrinlogenl )wi mg % 0

tionation by ethyl alcohol precipitation, ethylene glycol Plsioe 1 20 mg% 0
precipitation, salt precipitation, and by DEAE chroma- HDL as~ociated HLA antigens Prest-nt No: doctaced
tography. Because these activated components are not Cho,, 'ttrol 160 mi; % 0
remtoved during fractionation, they appear in nanogramn Trilycrdett7 g%
quantmtirs in the final IgO product. However, due to Cltn aorPectNonI

1I 100% 300
their tioterw .ctivity, they nonetheless have been impli- 15 %, o001c 0
cated iý -zhe production of flushing, erythemna, and hy. VII 100% 0%
potension leading to circulatory collapse when the IgGi Vill 100%01-

Xl 100%7.W
is injected intravenously. The native IgG product pre- XII (Hagemari Factor) 10017 0 Ir
pared by the method described in my aforesaid applica- Hemol)-fic C (screen) Noermal No lyi
tion Serial No. 229,565 does not produce any of these 20 HemOlytic C (quant.) 24 uni~s/ml Not detected

C4450 pp/ml <30
above reactions on intravenous administration and C3  120C pgz/mt <30
therefore is presumed to be free of these COnlamninans i 9 i/I Ntdtce

There are two demonstrable reasons why thi: is the C5 112 ptg/Imd
cae (1) the precursors of the fibrinolytic, coagulation Properdin 13.6 pig/ml

Case25k C3PA 187 jig/mI
and kininogen systems af-e removed by the silica dioxide 25Prekatikrein 94' 0m..hr
(SiO2) treatmen! of plasma before fractionation on 'Kaolin &ZOVAI.ed

QAE, and (2) thle elution pH of the QAE ion exchange
pvoceditre retains proteins and peptides and the ]EP Table VI shows results of analysis for prekallikrein
range of these ac:tivated fragments (p1 of 4.2-4.6). Table ~oactivity of native IgG and other IgG preparations. The
N1 shows resuns of treating plasma with 40 grams/liter native IgG was prepared by the method of my earlier
of silica dioxide The pretreated plasma Contains normal application. It can be seen that the ethyl alcohol IgG

-\levels of the various piecursors including the following: preparation and the reduced and alkylated intravenous
fibrinogen, plasminogen, factor XII (Iiagamen factor), IgG both contain r-ignificant quantitie-s of prekallikrein
pxekallikrein systern, and the complement components. 35ciao ciiy wietentv g andte-poi
The por.t-silica dioxide treatment pla~sma is without olactone preparations are essentially free of this activ-
detectable levels of these factors. ity.

It has been proposed ts'-., th, lsineyhea n INT17RAVENOUS INJECTIONS OF NATIVE IgG
hypotension result from the presence of Hagamen fac- AND OTHER ALTERED IgG PREPAKATIONS:
tor fragment:ý (prekallikrei-i iactivator PKAý which by 40 INCJDENCE OF SEVERE REACTIONS AND

Sr.acting enzymastically on prekalliikreir', continue to gen- CIRCULATORY HALF-LIFE
erate bradykinin in the patient in excess of that being Intravenous injection of fresh human plasma is safe
inactivated. The following scheme illustrates part of the and not associated with adverse reactions. The IgG

oroposed mchanism:5 present in fresh plasma has a circulatory half-lf olw

I0MECHANISM FOR INDUCTION OF ing intravenous injection of 24-32 days. T herefore, a
HYPOENSON B PK ACTVATR INIgG native- IgG prepatration shooild be expected to possess

PREPARTIONSsimilar characteristics upon intravenous admtinistration.
-' All priorities have bee::'concentrated first on lgG prep-

5(o arations sare for intrave~nous administration with sec-
liagiart'.n Factor (XII) -> Hagamen Factor fragments ondary emphasis on circulatory half-life. However, a

(Preatllirin ctiato . KA) native IgG preparation which combines safety and half1-
life comparable to IgG in fresh plasma would provide

- 4, maximnal beniefiis to thle ratientsI, namely safety and
55maximal therapeutic efficacy. The preceding sections

i'rekallikrein ----. Kallikrein have been devoted ta studies dm~ennined to elucidate
bO~ the many effects of various fractionation procedure in

I ~introducing structural alterations in the IgG isolated.
Whether these documented, irrevet-sibie alterations

High molecular weight kininogen - brandykinin 60 from thl: native state r.ýsult ill dec-reased circulatory
half-life and the production of severe adverse reactions
will be addressed in this final section. Table VII com-
pares the circulatory half-lifes following intravenous

Feriherl v.sod'atat ~ a65 tministration of various IgC preparationts. IgG con-
% 65+aiied n feshnormal plasma has a half-life of 24-32

S 'Vdays, while the half-life of nafive I-C- is from 24-27

half-life~s. Pltsmin degraded IgG fragments' hilf-lifes

.oeso das Al ote prpr.in hav si.fcnl rduced
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rang.: fromi 5 Yours for the FADh fraements, 8-10 days TA 13 1, \11ll
* for the PC fragment, and 18-20 days for the intect INCIDENCE OF SEVERE R-AMTONS ON

160,000 molecular w.eight component. Alterations of INTRAVENOUS ADM¶INISTRATION
or \ *\R~Ot's kfG I'Rt:P.'AAT!0NS

surface groups, surface charge. isoelectric point, elec- 5 Pcamo # 'rn GR.:,'
*trophoretic mobility, micro-heterogeneity, and aggire- Normil Fre'h 1%'tama

gatiorr by J3 propiolactone treatment of IgG result in tfmuniC dcflc.-r'cy

*circuhitory hair-life of 14 days. These reductions in sntric & r 26 n~one

circulatory half-life significaritly reduce therapeutic 10 thriem5 \iii ihIf,:; o<t
* .activity 0' IgG. For example, the reduction from 28 P3 promotbcoune Igo

* days to 14 days in half-life would reduceý the therapeutic Immndoe palt'cencv2 5

index by a factor somewhat greater tha~i 2. This would E1OH- Igo

require twice the dose of IgG to achieve comparable 15 immun dcalthypient 5 3

therapeutic effects of a native IgG preparation. syndromne patient 15 9 2

TAL IIt is apparent that many modifications an-' va.-iacions
)'REKAL.L.KREIN (PKA) ACTIVITY OF of this invention as hereinbefore set forth may be made

- ~NATIVE t,ýG AND OTHER Igo PREPARATI('\S 20 wvithout departing from the spirit and scope thereat.
PKA activitv The specific -.mbodiments described are given by way

Preparatio~n (17 of reference) of example only and the invention is limited only by the
Natie )g < Iterms of the appended claims.

EtriH Igo IMI6 The, embodiments of the invention in which an
ErO t~ IM6225 SIVC pioperty or privilege is claimed are defined as

Reduced It Alkyltaed 1gG 11. 90 flos
03 propiolacione Igo IV <1 1. An isolated natural, unaltered, unfragrnented, un-
Reference t00 denatured monomeric immune gamma globulin "for

intravenous administration characterized by 99% purity
30 and corrtz~iring less than 1%ll aggregates and less than

-TABLE VII 1% dissociated materials.
CIRCULATORY HALF-LIFE OP VARIOUS HUMAN 190 2. Purified gamma globulin according to claim I fur-

PREPARATIONS FOLLOWING their chiracterized by molecular weight of 160,000
INTRAVENOUS ADMINISTIRATION Daltons with no hinh molecular weight aggregated IgG

Preparation H31t-fife M~/2) 35 and no low molecular -weight IgO fragments.
3. Purified gamma globulin according to claim I fur-

Pres.h plsvna (ISO) 24-32 days ther characterized by native electrophoretic ranges.
EtOH pt.jsmin tgo 4. Purified gamma globulin according to claim I fur-

Iau1,G B-20 days ther characterized by native isoelectnic point ranges;
FC fragment 9-t0 days 40 between about 6.4 and 8.8.
FAB fragment 5 hours 5. Purified gamma globulin according to claim I fur-

0propiolacione Igo 4-12 days ther characterized by resistance to pro-,colysis with
Naiive Igo 23-27 days plasmin.

___________________________________- 6. Purified gamma globulin according to claim 1 fur-

45ther characterized by low anti-complementary activity.
INCIDENCE OF ADVERSE REACTIONS 7. Purified gamma globulin according to claimi I fur-

ther characterized by normal cii cuio. ~ry half-life of at
The high incidence of severe adverse reactions on least about three weeks following intraveinous adminis-

intravenous administration of the licensed ethyl alcohol tration.
IgG has prevented adm',nistration by this route. The 50 8. Purified gamma globulin according to claim I fur-

ther characterized by freedom from properties activat-
incidence of these reactions is presented in Table VIII. ing the complement pathway, blood coagulation and

Depending on the patient population, reactions can kirtinogen system.
vary from 92% ifi immune defceysndoeatns 9. An isolated natural, unaltered, unfragmented, up-

to 13% in normal healthy individuals, wvhereas normal ,, deaue moor-ei Lmuegam' lbu o
6N ' intravenous administration characterized by 99% purity

plasma is not productive of reactions in either group. 83 and containing less than 1 % aggregates and less than
'74-.propiolrctone treatment of IgG reduces significantly 1% dissociated materials, having molecular weight of

the incidence of severe reactions in immune deficiency 160,000 Dalions wvith no high molecular weight aggre-
patients (f-om 92%1/ to 15%). Intravenous administration gated IgC3 and no low molecular wveight IgG fragnments,

of ntiv lg howverappoachs feshplasa i al 60 and further characterize'd by native electrophoretic
of ntiv Ta hoeve aproahesfreh pasm ina]- ranges, native isoelectric point ranges betwveen about

most complete absence of reactions. We conclude that 6.4 and 8.8, reSistance to limited proteolysis with plas-
the added efforts required-.to prepare an undenatured, min, low anti-complementary activity, normal circula-

monomeric, native IgG results in definite benefits to the tory half-life of a,. least about three weeks following
Tb_ 63 intravenous adm inist ration, and freedom froth proper-

patient. Tminclude safety, significantly greater ther- ties activating the complement pathway, blood coagula-
apeutic index by virtue of the near normal circulating tion and kininogen system.

half-lifes.
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-L'eparation and Intravenous Use of Undenatured Human IgG'

S Richard M. Condie

"Department of Surgery'
"_, - University of Minnesota Medical School

Minneapolis, Minnesota 55455, U.S.A.

ABSTRACT

A stable immunoglobulin for intravenous use was prepared by chromaociraph\ of silicon dioxide-treated
-.- human plasma on QAE-Sephadex. This preparation has been used clinically in intravenous doses of 20-

200 mgi'kg for more than four years: it has not caused any severe reaciuns, noi has it transmitted viral
hepatitis. Comparative studies slhowed this preparation to resemble the native IgG of fresh plasma more
closely than anv other intravenous IgG preparation tested. The IgG in this preparation shows the same
distribution of electrophorectic mobilities as that in whole plasma, is low in anti-complementary activity,
and is primarily in monomeric form. It is resistant to limited proteolysis, free of contaminating plasmin and
preallikrein activator activity, and has a half-life of I--24 da.s in tivco Tne only aspect in which this
preparation appears to differ from the IgG of unfractionated plasma is the absence of subclass IgGS. It
otherwise contains all the major neutralizing antibodies normally found in immune globulins.

-. INTRODUCTION noglobulin intravenously may be efficacious in
these situations (1). Such quantities cannot be given

Separation of IgG from the hundreds of differ- by infusing plasma without incurring the danger
ent proteins in plasma in a manner that will yield of circulatory volume overload.

t immunoglobulin product suitable for intrave- There are also clear indications that the efficacy
"rhous administration has. presented major chal- of intramuscular (IM) immune globulin for the
lenges to protein fractionation. These include iso- prophylaxis of viral infections, both in immuno-
lation of IgG that is not denatured and is free of deficient patient, and in normal individuals, is re-
fragments or activated peptides that may develop lated to the quantities of passive antibody that enter
during the purification process. and persist in the circulation. The 1M route re-

At present, the only licensed procedu e. for the stricts the quantity of immune globulin that can be
fr2 -tionation of human plasma in the U.S, is the administered, prevents significant quantities from
Cohn-Oncley cold alcohol method. Use of this reaching the circulation, and retards the devel-
process to prepare albumin for intravenous admin- opment of maximum blood levels for several days
istraticn has been extremely s'iccessful. However, (P-6).
immune globulins isolated by this procedure must Two major factors determining the incidence
be admiilistered intramuscularly. Intravenous and severity of adverse reactions to intravenous
administration can result in a series of undesirable (IV) immune globulins are the patient population
side effects which include erythema, voraiting, ab- (2) and the fractionated preparation itself (2,4,5).
dominal pain, fever-, hypotension and loss of con- IV administration of IM preparations to normal
sciousness. In marked contrast native IgG, in the healthy volunteers produces severe reactions in
form of fresh human plasma, can be administered 13%, whereas the incidence of severe reactions in-
intravenously with few untoward reactions. creases to 93% when identical preparations are

The importance of these findings stems from the given IV to immunodeficient patients (2). Unde-
fact that there are a number of clinical situations, sirable consequences of plasma fractionation which
notably those occurring in immunocompromised may play some role in these reactions include the
patients, in which no adequate therapy exists for denaturation of significant quantities of immuno-
the treatment of certain life-threatening infe:tions. globulin (7-10), the generation of pharmacologi-

!i": ,.Vhbe administration of large quantities of immu- call) active molecules from labile plasma proteins
S":---" - •.____"(11), and the inability to identify and remove these

Supported in part by USPHS Grant AM 13083. active contaminant.- from the final product.

'@%
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!t appeared. therefore, that a method should be METHODS

sought to produce an immunoglobulin preparation Exclusion Chromatography
.-.'ith properties the same as. or very similar to, For assessment of aggregation and fragmenta-
.lose of the IgG in fresh plasma. The immediate tion, the IgG preparations (2 ml, 45.mg lgGiml)
goal was to prepare a stable. undenatured IgG that weri applied to a Biogel A-1.(m column 4 2.6 x 94
could be used for the treatment of life-threatening cm) that had been caligbrated wim h proteins of

vr]infections in chronically immunoisuppressed cm ththdbncabredwhpoeisfviral known molecular weight. Protein concentration of
renal transplant recipients. infection is the most the eluate fractions (7 ml each) was monitored at
serious complication of immunosuppression and 280 nm; IgG concentration was determined by ra-
is the most common cause of death (12), and cv- dial lgG concentraion was deter b
tomegalovirus (CMV) infections have been estab-
lished as a major cause of morbidity and mortality Thin-Layer Polvacrylamide Gel Isoh-lectric Focusing
in these transplant patients (13). A number of po- The gel employed was prepared with 55% acrv-

tentiallv useful antiviral agents, such as idoxuri- lamide, 0.15% N,N'-methylenebisacrvlamide, and
dine (alone or in combination with novobiocin), ampholytes (pH range, 3.5-9.5) at a concentration
cytosine arabinoside (ara-C), and adenine arabi- of 2.4% (w/'). Its dimensions were 235 x 90 x 1
nosidm (ara-A), have all been without effect (14,15). mm. An LKB 2117 Multiphor unit was used with

Since the fatal CMV syndrome ultimately results-pogmmagobuinema i 100c o thepa- an LKB 2103 power supply. Filter paper tabs (5
in h e-pogammaglobulinemia in 100%d of the pa- x 10 mm-Paratex, Whatman) containing 20 i.il of
tients in the third week following diagnosis and is sample (0. 1 mg protein) were used for sample ap-

associated .,ith complete loss of antibody to CMVand death in 100% of the patients in te fourthied
near the cathode; all other samples were applied

week (16), there was an urgent need for a prepa- near the anode. The samples were focused at 4 TC
ration of human JgG which would be safe for in- for 90 mi at a constant power of 30 watts. The
travenous administration in large doses (200 mg/ application tabs were removed after 45 min. and

kg) (1). the pH gradient in the gel at 4 'C was determined
. At the outset, criteria which had to be met before at the end of the run. The pH was measured every'

'_•. intrav'enous human immune globulin prepa- 10 mmby means of a Beckman 3500 meter with
-raion could be developed and used clinically were a 5 mm combination electrode (Beckman 39505);

established. The criteria were (a) that the isolation the gradient determined in this manner spanned
method be adaptable to large scale production in- the range from pH 4.9 to pH 8.9. After pH was
volving > 100-liter pools of human plasma; (b) that measured, the plate was refocused for 10 mi,

labile plasma proteins, particularly those suscep- whereupon the proteins were fixed for 45 min in
tible to activation, be removed before final frac- a solution containing 1 7c (v/v) methanol and 0.5%

tionation; (c) that the fractionated IgG be -HBsAg (w/v) sulphosalicylic acid. Before staining, the gel
negative; (d) that the purification methods yield an was soaked in a solution of 25% (v/v) ethanol and
unaltered, undenatured, pure IgG; (e) that the 8% (v/v) acetic acid for. 5 mn. This step allowed

normal structural integrity of the Fc domains, equilibration to staining conditions and effected
which control the biologic effector functions of the complete removal (f ampholytes. The plate was

complement fixation and circulatory half-life, be then stained for 10 min at 60 °C in a filtered so-
retained; (f) that the preparation be low in anti- lution of 0.1% (w/v) Coomassie Blue R-250 in the
complementary activity; (g) that the preparation ethanol-acetic acid mixture described above. Af-

contain the predominant IgO subclasses in which terward, it was destained for at least 48 h in this
the neutralizing antibodies of plasma reside; and same mixture.
(h) that the Ig, be stable on storage and show no
evidence of aggregate formation or fragmentation. Limited Proteolysis Assay

This paper describes a method for isolating na- A limited proteolysis test with plasmin was used

tive IgG from pooled human plasma. Results of to estimate the extent of IgG denaturation. It in-
structural and functional analyses of this IgG, of volved incubating a sterile solution of IgG at 37 'C
immune globulin prepared by ethanol fractiona- in 0.05 M Tris-HC1, 0.2 MI NaCl, 0.2 .M glycine

tion, and of.gG modified by reduction and alkyl- (pH 8.0) with human plasmin that had been
j •.tion, or by plasmin or 3-propiolactone treatment activated with urokinase. A final 1-ml solution con-

- &e also presented. tained 30 mg IgG, 0.71 mg plasmin, and urokinase
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(167 Plough units). After 18 h tee reaction was Only plasma tested and found negative for HBsAg
, stopped by freezing the samples at -70 'C. Frag- was used.

:.•. tation was -4ssessed by exclusion chromatog-
"on Biogel A-l.5m (see above). The distri- Plasma Pooling

bution of protein among the peaks in the elution The contents of -450 bags were thawed, poiled
pattern was determined by planimetrv after esti- into a sterile container (plasma pool volume, 130
mating the areas of overlap, liters), and mixed. Samples were removed and

tested for HBsAg, antibodies to appropriate vi-
A C l t ruses, bacteria, and fungi, and blood group al-

As an additional indication of IgG denaturation, loantibodies. The concentrations of total protein,
the anti-complementary activitv of various human immunoglobulin, and albumin wete determined,
immune globulin preparatic: - rmpared with as were pH and conductivitv. The pool was stored
that of the IgG isolated in k- . 'v. Siud\. Com- at 4 *C overnight and then fractionated.
plement studies cre perfot: ed by Dr. Richard

V. J. Pickering, ResearcL T" vsician. New York State Adsorption with Silicon Dioxide

Department of Health, Albany, New York. Sterile, pyrogen-free, synthetic non-crystalline
silicon dioxide (Aerosil 380, Degussa, Teterboro,

Prekallikrein Activator (PKA) Activity New Jersey), in either wet or dry form, was added
"Assays were performed by Dr. Barbara M. Alh- to the pooled plasma at a final concentration of

ing, Bureau of Biologics, Food and Drug Admin- 20-40 grams/liter. The suspension was stirred with
istration, Bethesda, Maryland. motor-driven rotors for one hour at room tem-
"A d A t perature. Care wAs taken to avoid foaming. Fol-
Antibody Activity lowing mixing, the siiicon dioxide and its adsorbed

"Assays of plasma pools and final IgG prepara- proteins were sedimented at 6000 g.
tions were performed by Dr. Hilaire Meuwissen of Silicon dioxide adsorption of plasma has been
the New York State Department of Health Labo- found to remove, or to reduce the concentration
ratories, Albany, New York. of HBsAg (17), zymogens (18), pyrogens (19), and

a number of labile plasma proteins (20). Table I
\•er Analyses shows the results of this treatment in the present

Plasma proteins were quantitated with Behring study. The initial plasma pool had normal levels
radial immunodiffusion plates, unless otherwise of fibrinogen, Factor XII (Hageman factor), prek-
noted. Cholesterol and triacylglycerols ("triglyc- ailikrein, and complemejnt components- after sili-
erides") were determined by automated lipid con dioxide treatment, none of these factors was
analysis. Total protein was determined by the biu- detectable. In addition, this treatment removed li-
ret method, and clotting factors were determined poproteins, HLA antigens, and clotting Factors V,
by means of assays that made use of specific factor- VII, VIII and XI.
deficient plasma. The concentrations of comple- The concentrations of IgA and IgM were re-
ment components, prekallikrein, and properdin duced; that of IgG remained essentially unchanged
were determined by Dr. Henry Gewurz, Rush Pres- except for the IgG3 subtlass, which was either re-
byterian Medical Center, Chicago, Illinois. moved or markedly decreased (Condie, R.M.; Wis-

tar, R., manuscript in preparation). An ext sive
stud)y of antibody activity showed that neithei the

EXPERIMENTS AND RESULTS titers nor the specific activities of a variety of an-
tibodies were reduced by Si0 2 treatment (Condie,

Preparative Procedures R.M. et al., manuscript in preparation). This is il-
lustrated in Table 2. Measurement of antibody ti-

Plasma Collection ters in plasma before and after adsorption with

Blood was collected from healthy volunteer adult SiO, showed no change in andbodies to typhoid 0
donors by the St. Paul Red Cross, the University and H antiger.s, in antistreptolysin 0 or a-ti-Can-
of Minnesota Blood Bank, and the Minneapolis dida activity, or in blood group alloantibodies.
War Memorial Blood Bank. The plasma, as ob-

.-- i.ned, was either outdated or cryoprecipitate- Ion Exchange Chromatography

.O- '-r. It was frozen and stored at - 20 to - 70 'C. After adsorption with SiO,, the plasma was sub-

"- .

-0
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* Table 1. Removal of the Cý.ripLement. Coagulation and Kir.in Components of Plasma with SiO,

:. ncentra uor'

-. ,-.. PLasma SiO.-tieated Plasma

-'Toul protein 64 mg-m, 70 mgml

Fibnnupen 300 4)

Piasminrucn '2 "0

11-lipoproteins 420 0

HDL-aasociated HI, andgens Premnt Not detected

Cholesterol 160 0

Tri,,aclgherots 1"tglvcde,1 100 50

Clotting Factors Percent Normal Activity

1! IO0 100

V 100 0

, , VII 100 0

Xi 100

XII (Hageman Factor) 100 0

Hemoliuc C (screen) Normal No lysis

Hemolytic C (quant.) 24 unit*/ml Not detected

"C4 480 <10

"C3 1200 <50

Clq 194 Not detected

C5 112 Not detected

Properdin 13.6 Not detected

"C3PA5  187 Not detected

Prekallikrein 84' lj.mole/hml 0

L'nlcss other units are given, results of chemical analyses are expressed in milligrams per deciliter and concentrations of coml'!-ment components

are expressed in milligrams per liter.
0b 3 Proactivator.

• •,,: ' ieatued Air, Lc,,h.) activafion.

Pk cted to anion exchange chromatography. This stacks, the ion exchanger, and all the tubing were

"-'as performed in four 16-liter bed capacity' stacks, also sterilized in this buffer. Just prior to use, the

* each containing -650 g QAE-A50 Sephadex swelled sterilizing buffer was washed out with a starting

in pH 7.0 imidazole-acetate sterilizing buffer. The buffer which had been filtered through a 0.2 p.m
L%' (pore size) filter. The stacks were arranged in par-

Table 2. Specific Antibody Activity of Native IgG allel flc with the flow rate kept constant at 150

mb'min through each stack. The adsorbed plasma,

Antibody Titer previously diafiltered to the starting conditions of
otO st g pH and conductivity (see Fig. 1), was centrifugedr."*Post-SiO, Isolated lgG

Plasma Pool Plasma Pool 00 mg/ml) at 6,500 g for 30 min at 22 *C and then applied

to the top of the stacks. Samples were collected in
Typhoid 0 512 56 102 sterile 4-liter graduated cylinders. The eLiate was"'• Typhoid H 256 256 1.024

SP 51o M• 16,024 monitored by the absorbance at 280 nm. After the

Candida 1.024 4,096 10.240 entire plasrra pool had been applied, the protein
"- An,-A 8 4 negat,.e not bound to the gel (i.e., IgG) was eluted with

"Anti-B 4 8 4

Herpes simplex sterile pH 7.0 imidazole-acetate buffer. The pro-

Va.icella NT NT 64 IrA tein was pooled into a sterile container and stored
Rubella NT NT 256 HId at 4 *C until final concentration, dialysis, and bot-
CMV NT NT 256 IHA'

4HBsAg negative negative negative cing. A typiCal elution profile is illustrated in Fig-

A nu-HBs NT NT posiive ure 1. Under proper conditions of pH and con-
non-pyrogenic ductivity, the only protein to emerge in the first" •. sterile

sterile peak was IgG. The yields averaged >80% of the

% ASO-antistreptolysin O. total IgG applied to the column. Albumin can easily
N "T-not tested, be recovered in yields of >85%c by lowering the pH,
IrA-indirect immunofiuorescence.
Hi-hemaggluoination inhibition. and can be further purified by passage over cation

IHA-indirect hemagglutnation. exchange columns.

--.--..

.. " .' . ..' . . . .- * _. 9' v.-" , b VN.,. . , " •- r r, . x,', I. t IV•: . 1,r t 1 A:,. ¢ t,.x..',. ... j , . . . ." . " . "- . - v v : '' '
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*jjj Figure 1. Chromatographic isolation of human IgG. Pooled plasma which had been ad'orbed with SiO, was chromatographed on
q " f- Q -A50 SephadeX at PH 7.0 in i midazole -acetate buffer (0. 1 ý Ml imidazole. 0.09 M sodium acet~ate. 0.009 M acetic

~ *-:-~-.conductivity, 6.15 = 0. 1 mS at 25 'C). Elution with pH 4 buffer (0. 10S M sodium acetate, 0.43 Maei cd odciiy
,: 0.1 inS) removed many proteins, including albumin.

T.
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"2 ."0 F'A. Native hurnon TgG iV 2 , 0r-6. Red 8 A/ky. Z9G, TV

[[j:: .. -1.6--

1".2 1.2

"0.8 - 0.8-

" 0.4 -- 0.4--

OC )!' I _i I0.0 0.35 1.0 0.0 0.35 1.0

C- . ,8 proplo/octone IgG, Z V - D. EtCH IgG IM2.0 -- 2.0-

.9 I1.6 1.6

0
-o 1.2 1.2-

0.8 0.8-

0.4- 0.4-

0.0 0.37 1.0 0.0 0.35 1.0

E. EtOH-plasmin IgG IM F ECOH - IgG IM1.6 -- 1.6 -r/e,
o•; •Prolei'n

1.2 1.2 - •lg,

0.8- 0.8-

0 0L0.4 ___0.4

Kav 0.0 0.37 1.0 0.0 0.35 1.0

* Figure 2. Measurement of aggregates and fragments of IgG by exclusion chromatography. Elution pattern shows the chromato-
graphic behavior of various immunoglobulin preparations on a column of Biogel A-1.Sm. Abscissa shows ,av.

S•-• •. r'•:'•ez•~z-,•. ;..,--<..,,".'.-'....'....-.-.-.v...-.-.-...-....•
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.-nalvical Result,,: Comparison Nith Table 3.' Comparison or h~e Molecular Size Distri-
0the IgOPrearatonsbution of Native Ig-G with that cf Other Human IgGOthe IgGPrearatonsPrepar-ations*

A-.:'*:gation and Fz-ag-mentation
Fragmenit* The immuncoglobulin preparations isolated bN- .ggregates Siononnctt 5 ,0.000

*. the present metood and by- various other methods >000M 6.u W M
were anialyzed for aggregation and fragmentation. PeaaitII ~
Figure 2A shows the elution pattern of the present Native human IFGc IN'<19 <
preparation dux iritg exclusion chromatogrpyo iCi 6<ELOH plasmin IgC IM 7 63 21;B iogel A-I .5m. Neither agg-regates nor fragments Reduceclilkvlatecl IgG IV 20 80 <1
constituted as much as 1 '7 of the total protein IB.propiolactone IgO IN' 14F 2.5

cluted. The elution profile and position were con- Deiermined b% exclusion chromatop-aph\ In each sample protein
sistent with a monomeric lgG: accordingly, this concentration was 45S mg ml. the totL2 %olume 2 rrl itnd the total proten
p~reparation is referred to as naie lgG. -0n.Echsml as applied toa 2.6 -4 !ýCm bhuel A. 1.m column.

Figure 2B is a representative e1luion curve of
__ human IgO prepared by ethanol fractionation fol- Precipitation of IgG with ethanol. chemical mod-

lowsed by- reduction and alkvlation. The major peak- iiainwt -rpoacoe n euto n
w4as not Isymmetrical. Aggregates constituted 20% fctowihPppoltneadrduinad

of te ttalprotinanda cosidrabe potio of alkvlation all resulted in significant quantitites of
these aggregates had molecular weights of ageats(bl3)
> 1.000,000. Isoelecuiic Focusing

Figure 2C is a protein elution CUrve 0of human The isoielectric range of the immunoglobulin
I1'G treated with 0-propiolactone. This IgG con- preparations examined is presente.d in Table 4.
tained More than 14% aggregates, sonme of which The native IgO sample, prepared by the method
had very high molecular weight. !t also contained

deetbIlvl 25)o g rget 5.0 described above, showed an isoelecti-ic point (p))detctale ievls 2.5) o Jg frgmets 50,00 range of 6.4-8.8. The P-propiolzctone-treated
mq~culr wigh). he ainpea copried nl> IgG, -ith a pl range of 5.6-7.2, exhibited a sig-

aj-of the total protein. nificant chemical mod Ificat Ion Of Surface charge.
-figure 2D is a represe.-Itative elution curve char- P-Propiolactone reacts with carboxyl. amino, hy--

acteristic of IgG prepared bxy methods involving droxyl, sulphydryl, and phenolic groups of pro-
ethyl alcohol precipitation, polyethylene glycol, tis(3.Ehnlpeiiae g a oe
anid salt precipitation. The protein elution curve what narrower range ",tan the native material.
w~as. not symmetrical. Sixteen percent of the total Hoertethnlad asn-etdIg
protein comprised high molecular weight aggre-, had the broadest pl range (6.18-9.43).

* ~ ~..s. hisincldeddimrstrimrstetarnrs. The thin-layer polyacrylamide gel (Fig. 3) from
and aggregates with > 1,000,000 molecular weight. Which these ranges were derived demonstrates an-
There were no appreciable quantities of frag. other fecature of these immunoglobulin prepara-
mented IgG. tions, namely, the macroheterogeneity. The two

S Figure 2E is an elution curve from an ethanol- prcdeswihntoudsgifatmco-
fractionated IgG which was degraded by plasmin. prcdeswihntoudsgifat co-

*ý Although the amount of aggregates was reduced,
27% of the total p~rotein consisted of IgO fragments Tal .Iolcr-cRneo aious Human IgG
with a molecular weight of -52,000, Intravenous Preparations'

Z~immunogiobulins have been prepared by treating
alcohol -fractionated IgOy with plasmin. However, Preparation pl Range

' the degree of pr-oteolvsis is difficult to control, and LO ~
fragments of the plasniin-degraded material may EtOH IgG iM2
be cleared 'en-v rapidly from the circulati1on (2 1,22). EtOH plasmin IgG IM 6.18-9.43

Figure 2F represents the elution profile of an N~ati%'e human IgG IV6.8F
~' ehan~-precipitzted IgG preparation analyzed with RdcdakltdiOI

edaol0Propiolacto'ne IgG i\SV~.
respect to total protein, lgG, IgA, and 1gMN. The

owl~ mlcud wegtageae,'swl ste i Determined b\ thin-la,,r tocl,,tric focusing tn polvacrviamide gels.oir,4 mowelrweih alleats composed te I each sample protein co'ncentration was 5.0 mg/mI. the total %olunit
o .,, xers, of.t.20 ILI. and the total protein 0. 1 mg.

-7 Z
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:.£.Figure 3. Thin-laver isoelectric focusing of various immunoglobulin preparations in polvacn'lamnide gel. The pH gradient and the

preparations analyzed are indicated on the figure. Samples containing 0,1 mg protein were focused for a iota of 100 rmin and
Ro le stained with Coomassic Blue.

Seterogeneitv %yere the P3-propiolactone treatment of some effector functions of the molecule (4,5).

g.••, and plasinin digestion. The sharp dense bands in in addition, alteration of surface charges indicates

k.• the plasmin-treated sample were derived from that native groups have been replaced by new

;•fragmentation of aggregates and &-gradation of chemical groupings which might act as new anti-

'> .•7xsome of the monomeric molecules. The P3-propi- genic determinants capable of generating antibody

,-,.- "" ."olactone-treated IgG demonstrated the most marked which could react with the P3-propiolactone-treated

S......alterations, leading one to expect an impairment molecule (24).

6.73,
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0,e"

,", .-. Table 5. Comparison of Anti-Complementary Activity (Cl Binding) of Five Human lgG Preparations

Prrcrn PCT(erl! .hno-Compiemrntern
Prepardtion Monomner A :reW4IAor

Name• Ire IV 99I 50.0 U

"" LEOH IrCG Red (ro"s IM 69 .( 0.15

E-,OH 1gL. 3M b4 It 044

EtOH-Reduced'alkvlaied Ig. I' 0 20 800

'EOH-plasmin IgG IM 63"_ "7 2 _2.00

I Micrograms of protein required to fix 5•(• (:1
_Fragment (52.000 MW) comprised 275 of this prepariaon.

in these preparations, immunoelectrophoresis was demonstrated that aggregates in the fractionated
performed with anti-whole human serum (Fig. IgG were responsible for this effect (26). Later, in
"4B). This experiment showed that the 13-propi- 1959, it was shown that heat-denatured (aggre-
olactone-treated IgG contained two major corn- gated) IgG fixed complement in a manner indis-
poncnts and at least two other proteins that formed tlnguishable from that of antigen-antibody corn-
arcs near the well. One ethanol-precipitated prep- plexes (27).
aration contained a small quantity of an anodal In our studies, the comparison of anti-comple-
component and two minor components that ap- mentary activit' of various IgG preparations was
peared as arcs near the well; moreover, it showed made by determining the number of micrograms
some splitting of the major lgG arc. A second of IgG protein required to fix 50% of a standard
ethanol-precipitated immunoglobulin contained preparation of complement component CI (28). In
the two minor componentý, but exhibited neither general, there wvas a direct relationship between
the anodal component nor splitting of the IgG arc. the extent of aggregation and the anti-comple-

* -. The native IgG appeared essentially homogeneous mentary activity (Table 5). The only exception to
v this technique; in addition to the igG, only a this direct relationship was shown by the reduced

single minor arc was observed. and alkylated IgG. Although its aggregate contern
was similar to that of the ethanol-precipitated prep-

Anti-Complementary Activity arations, its complement-fixing activity was less
; = In its normal state in blood, IgG does not interact than one.seventecnth as great (Table 5). Thus the

appreciably with components of the complement reduction and alkylation process evidently de-
system. The biologically active sites within the Fc creased the anti-complementary activity. Similarly,
region of IgG that interact with complement are plasmin digestion and 13-propiolactone treatment
expressed or exposed as a rerult of conformational reduce the anti-complementary activity of immu-
or structural changes. Such changes normally oc- noglobulin preparations, even though appreciable
cur following the combination of a specific anti- quantiiies of aggregates produced by the fraction-
body with surface antigens on bacteria, viruses, or ation process may be presernt. Complement fixa-
altered cells. This combination mediates many as- tion therefore appears to have real limitations as
pects of inflammation and facilitates ingestion of a tool for assessing the denaturation of IgG.
pathogens by phagocytes. Once the site in the Fc
region is exposed, the first component of comple- Susceptibilityv to Limited Proteolysis
ment (CI) attaches through a non-covalent linkage The unfolding of native proteins makes peptide
or ionic bond, which results in enzymic activation bonds more accessible to enzymic action; hence,

0- of the complement cascade. Structural alterations one would expect denatured proteins to be more
(such as aggregate formation) also expose these susceptible than native proteins to proteolysis by

% . biologically active complement-fixing sites on the enzymes such as plasmin. To assess the extent of
IgG molecule. Therefore, the extent of comple- denaturation, the present IgG preparation and im-
ment fixation or anwi-complementary activity of munoglobulins prepared by other methods vAere
IgG can be used as a measurement of denaturation therefore exposed to plasmin. The effects of this

- and alteration from the native state. exposure to plasmin on the behavior of IgG during
4' % ."i It was observed in 1944 (25) that fractionated exclusion chromatography are illustrated in Figure

IgG was anti-complementary. Subsequently, it was 5. Native IgG, incubated at 37 'C foi 18 h without

N' %

'4., 2.
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. ,Figure 5. Effect of plasmin treatment on native IV' IgG and ethanol-precipitated IM lgG. Elu.ion patterns show the chromatogTaphic
behavior of immunoglobulins on Biogel A-1.5m (see Fig. 2) after incubauon at 37 °C for 18 h in the absence (left) or presence
(right) of plasmin.

plasmin, was eluted from Lhe Biogel column in a aration incubated at 37 TC for 18 h with no -nzyme
symmetrical peak that :orresponded to a molecular showed extensive aggregation, including oligomers
weight of 160,000 (cf. Fig. 2A). Following the treat- and high-molecular aggregates. Incubation of this
r"3-n t with plasmin, the native IgG appeared un- preparation with plasmin under the identical con-
a-f.,ed. In contrast, the elution pattern of an ditions as the native IgO resulted in the disap-
ethanol-precipitated (IM) immunoglobulin prep- pearance of most aggregates, reduction of the main
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Tahie 6. Differential Effect of Plasmin on ErOH IM Table 7. Circulator) Half-Life of Vario~us Human Ig-G
;.AGand Native IgG Preparations Foflov~ing Intravenous Administration

Percent, Per':eni in Percent in Pi-cpar-dtior. afUe
Samnpie Aggrezatse i6(i.iUOi Pedl, 52.00t0 P:iit

Nau~e igG
EtOH ipGO 5M 13 8_1
DrOH IgG IM 5 Pia.rmin 4F 51 Fresh plasm~a (igCG 2-3 2

Percent :60.OUO peak
degraded b% r~asmin 39h EiOH plasmin FGo

inrLact IgG JS&-20
N Jiv gO <1l 0 Tc fragment 8-10

Native IgG -ý F'asmin 9P 5 IFab fragment 5 h
Percent 160.000 pcak
degraded bý .smin lý 5Proptolacione I;rG -12

Vasues oietermined b%, plantmesrm of eijuon curves obuinece b% ex- Lxpres~ed in da's uriless othe, unit p r
clukion chl'roatograph% or. Biogel A1.5.m (see Fig. 5*ý.

Determined b-. difference.

characteristics upon intravenous administration.
Table 7 includes the circulatory half-lives of several

(160,000 molecular weight) peak, and formation gOpeatin.TersntrprtIohaa
of a second peak containing 52,000 molecular haflfIf1-8dy.Teohrpeaain
weight fragments of lgG. sho-wed significantly' reduced half-livts, ranging

Quantitation of the differential effect of plasmin from 5 h for the Fab fragments in the plasmin-
on ethanol-precipitated (EtOH IM) and native lgG treated product to 18-20 days for its monomeric
is presented in T1able 6. Not only the aggregates, 1 gO component. P-Propiolactone-treated IgG is

*but also the main (160,000 molecular weight)i com- reported to have a half-life of 4-12 days (4,5).
pontent of the former was sensitive to plasmic pro- Ciia s n des ecin

.teolvsis. At least 39%/ of the monomeric IgO was
'~hyrolzedanc~appare as52,00 mleclar Depending on the patient population, adverse

W , ight .fragments. Other methods of preparn reactions to the IN' administration of immuno-
tion nd rduc- obulin can va',e.g., from 9357 in patients with

tinadalkvlation, salting cut, and polyethlene animnodeficinysdrm to1%nnra,
* gI~:col precipitation, render the protein susceptible .etyinvdul(2.Normal plasma does ,lot

to attack b.ý plasinin, The limited proteolytic assay produce reactions in either group (Table 8). P-Pro-
appears to provide a mo,-e direct assessment of IgG piolcton tramn of% I iniiaty eue
denaturation than does the co~mplerment fixation the incidence of severe reactions (from 9%t

test.15%) in immunodeficient patients (5). Native IgG,
however, causes an even lower reaction rate (<1 I %).

Prekrl.iikrein Activatcr Ac'-vity

It has been proposed that the flushing, ery- Table&. Incidence of Severe Reactions to Intravenous
wthema, and hypntension associated with the IV in- Amnsrto fVrosIOPeaain
fusion of Pasma Protein Fraction (PPF) under cer-
tain ccnditions result from the presence of Nme f)cdneo

Hageman-factor fragments (prelallikrein activa- Peaao ains R~tot Rfec

tor, PKA) activated during ethanol fr-actionation Norma~l Fresh Plasma

of plasma (11). The presenit preparation is free of immunrue peaiients6yon (Tiskparl. C. H
this cnaintwhereas IM ethanol- precipitated sndrome- pains6 oe (hi ouG

immunoglobuliris can contain righ levels of PKA. P26~enLo with life-
ihreaiening infectiocns 107 < I Present stud%

EiOH- Ig-G
Circulatory Half-Life Nrnj clh

Intravenous injection of fresh human plasma is mn13
geneallyassoiatd wih aderseye- Immune dlefiierncý

gtneall and not asctewihdvree- syndrome pauenls 15 93

S .....- actions. The IgO present in, fresh plasp -; has a ý-Propiolactone IgG

11half-lie of 24-32) days. Therefore, a niative IZG Immune defcioencs
5svndrO!Pt paueL 5  1 15%

preparation should be expected to possess similar
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Table 9. Clinical Use of Human Intravenous Immu. alteration of the structures within the IgG molecule'.''"bulin'
Ibuln that control its biologic effector functions. This

t.ub alteration takes the form of aggregate formation
Tota_ __ Number and spontaneous cleavage of igG durifig storage,

Pauc•ns treated jG" leading ultimately to reduced biologic effective-
"IV admrntstrauons %24-200 mg/kgi 896 ness. Evidence that isolated ]gG preparations

." Grams protein administered 3685
undergo degradative changes during storage in

. Side •f•cut solution was first denoted by a splitting of the pre-
S Scrot eactions 0 cipitin arc during irrmunoelectrophoresis (29)..Mild reacuons f

HB: ",l conversions Later studies showed that during stora.ge at 4 °C

•__"- dimerization of up to 207c of the IgG molecules
"The IgG uas prepared by chromatograph\ iQAE-A50 Sephadex> could occur; this was accompanied by increased

of SiO:-treated plasma. Sta:-'tng material: Red Cross outdated and cr'o-
precipi-t-rpoor plasma from volunteer donors. Total quanuit, of I•G vulnerability to proteclysis by contamirating en-

-. prepared: 47,1 grams. Time span: Decermber 20. 1974-]June 20. li7u zvmes (30). In IgG isolated from plasma by the
I Reactions reported: nush. headache atlone. and headache with chills. Cohn-Oncley method the contaminating enzyme

was plasmin, and the level of fragments (3.5 S Fab

The total clinical experience with patient, who and Fc) formed during storage could reach 60%

"-• have been foflowed for at least six month, after of the total protein (31).

they received IV IgG is summarized in Table 9. The biologic effectiveness of aged, fragmented

During the past four and one-half years, 167 pa- preparations of human IgG was shown to be im-

tients received IV IgG in doses ranging from 20 paired (when compared to fresh, unfragmented

to 200 mg/kg. Problems associated with adminis- material) by their decreased ability to induce pas-
" tration of this preparation have been minimal. In sive protection in guinea pigs against challenge

-'• a total of 896 separate IV administrations, five re- with tetanus toxin and i monkeys against poliom-
[ actions occurred. These consisted of flushing, yelitis virus Type I (3). The significantly reduced

• ache and chills. The single patient in whom biologic effectiveness was apparently the result of

tnrre was HBsAg conversion received more than both a reduction in the number of intact neutral-

40 units of blood during a long and stormy clinical izing antibody molecules and the marked reduc-

course. don in circulatory half-life that occurs when the
Fab fragments are cleaved away from the Fc do-

DISCUSSIOW main, which regalates the :irculation time of IgG
(32,3 3).

In the past, most attempts to prepare an im- The present procedure for isolating IgG circum-

munoglobulin that would be safe for IV ust'have vents this type of degradation problem. In this
involved the addition of a stabilizer (e.g., sucrose, procedure plasminogen and plasmin are removed

. reducing sugar, albumin) or modification of Lhe during the first step by adsorption of the plasma
product after fractionation. The rationale for the w h SiO2 .
present effort to prepare a native, undenatured Even if the cold-ethanol fractionation method
(rather than a modified) IgG stems from the view could routinely yield IgG preparations that were

that preserving the normal structural integrity of free of enzymic activity, the aggregation of IgG

this complex molecule will re. ult in a stable, safe that occurs during this process would continue to
aad more effective product. present a major problem. The extreme suscepti-

Over the years instability has been a consistent bility cf immunoglobulins (in contrast to other

troublesome characteristic of purified human ira- p!_ska proteins) to the denaturing action of ethanol

munoglobulins, suggesting that these proteins are was recog-nized by Cohn (7). Control of the same
either inherently unstable or irreversibly altered five variables (temperature, ionic strength, pH,
during fractionation and that these properties are ethanol and protein concentrations) that wvere

somehow responsible for the adverse reactions shown to determin( --he purity and yield of each

produced by Intravenous administration. protein isolated (7) also determines the extent of

More careful examination of the problem points denaturation of these proteins (Condie, R.M.; Be-

:77, complex set of conditions, possibly involving thel, G.U., manuscript in preparation).

tlýýe contamination by PKA activity generated The denatured IgG molecule exhibits a number

from labile plasma protein precursors as well as of altered biologic effector functions. Although

- % - •. .. -. , .: . -. • . l- • . L%• zL,..- "• •k.. • .- -,_. ... % .-. " -I 2 .- •' .. ]
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!ome alterations from the natti e statt can be dem- 8. Deutsch. IIF. eaaino nio'at~ rtisfo
'~nsrard b stuctual tudes nd ohettess pr. arious animnal seria h\ ethanol frartionatiort techniques.

... ostrtedbv srucura stuiesandothe tets er-Corcoran. A C . ed. Metthodls in medICal research. V'ol. 5.
*f.ormed)c In viro, behavior of such lgG in the cir- Chicago: Year book Pubiishers: 1952:2t4-300.

culation can only be assessed bv studies Z'n vlivo. 9. Isliker. H.; Jacoit-Guillarmod. H.; Waldis'ouhi. M. Corn-
Thus the final definition of the' native rnolcule plement fixation b%. different IgG preparotions and frag-

ments. 5th Int. Svmp. Immunopath. 19,-20E; 1967.
must comprise both structural and biological evi- I0. Hainski, M.; Payne, J.H.; Ordonez, G.A.; Shanbrorn, E,

oence. The former includes electrophoretic mo- A new preparation of immun- serum globulin for intra-
biliv, soeectrc pints), oleula weiht fre. ~ venous adminijstration. Vox Sang. 20:46Q-478; 1971.
biliy, scieectic oints),molcula v.eigt (fee- 11.AJv-ing, B.M.; Hojima, Y.; Pisano,J.J.: Mason, B.L.: Buck-

dom from aggregates and fragments), ant: ingham. R.E.. Jr.: Mozen, MIM.: Finlav-son. J.S. Hvpoten.
cornplementary activity' (lovw), and resistance to sion associated with prekallikrein activ;ator (Hagernan-fac-

proteoilysis. The biological indicators include cir- tor fragments) in plasma protein fraction. N. Engl.J. Med.
- 999:66-70: 1978.

culator-v half-life (and absence of rapidly-cleared !2. Najarian. J.S.: Simmons. R.L. Transplantation. Philadel-
components). safety for intravenous administra- phia: Lari egr:1972: 471. ciia iooia

tionin argequatitis (00 m/kg. an fredo Simmons. R.L.: Lopez. C.: Balfour, H.: Kalis.J.: Rcttazzi,

from components that activate the complement, correlations in renal 'transplant recipients. Ann. Surg.
coagulation, or kallikrein-kiniri systemn. 180:623--634: 1974.

14. Chien, L.T.; Cannon. N.J.: Whitley, R.J.: Diethelm. AC.G.
Dismukes. 'A.E.; Scott. C.W.; Buchanan. R.A.; Alford,
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. . Skvaril, F. Changes in outdated human gamma globulin crease of specific antibodN activity over starting plasma.

preparations. Nature 185:475-476; 1960. I think for every method one has to determine whether
'. 0. James. K.: Henney, C.S.; Stanworth, D.R. Structural one is isolating the active antibodies. There may be some

changes occurring in 7S gamma globulins. Nature 202:563-- antibodies in human plasma that are not in the major
566; 1964. classes that we are isolating. I do not know if there are

"$.12 51. Art, G.P.: FinlaysonJ.S. Stability of immune serum glob- an' antibodies that are only in the IgG3 subclass, but if
"ulin during storage: effects of prior heating. Vox Sang. there are, they will not be in our preparation.
17:419-433: 1969. Dr. NrC'ANN: If yOU apply this procedure to plasma

32. Spiegelberg. H .L.: W eigle. W .O . Studies on the catabolism kn w to In yo g is th i g r o ed by the

of gamma globulin subunits and chains. J. Immunol. procgured
95:1034--1040: 1965. prcedure-

33. Yasmeen. D.; Elierson. J.R.; Dorringtor.. K.J.: Painter, DR. CON.Ir: It has been reported that it is. We have

"R.H. The structure and function of immunoglobulin do- not tested this.
mains. J. Immunol. 116:51 &-526; 1976. DR. XORNHL•BER: You reported that severe side effects

occurred in 12 percent of the patients with immuno-
deficiency who received P-propiolactone-treated im-
"munoglobuhin.

DR. CONDIE: These studies were repor.ted in the liter.

DISCUSSION ature in the earl), 1970's, when the P-propiolactone-
treated immunoglobulin was first being prepared.

DR. STITES: WThat are the efficacy data for your prep- DR. ,ORNHUBER: We have only three patients with Bru-
aration with respect to treatment of renal tr3nsplant pa- ton-type immunodeficiencv, but we have not seen any
tients who have CMV? side effects in these patients after administration of the

DR. coNDIE: Seventy percent of the patients treated 0-propiolactone-treated immunoglobulin. One of them
with the immunoglobulin preparation in high doses re. has received more than 400 grams of immunoglobulin
covered, and they are currently alive and healthy. Thirty during the past 10 years, and he has had no side effects.
percent of the patients died as a result of CMV infection. DR. STEPHAN: The half-lie of the [-propiolactone-
P-T.re is an indication in the study that the earlier the treated immune globulin in healthy people is between
M't'ment is initiated, the better will be the results, In 15 and 21 days; the half-life you reported was deter-
i .ifirst part of the study this tre2tment was used as a mined in people who were not healthy.
last resort, and we were treating essentially dead patients. Can proteins other than IgG be fractionated by y'our
If CMV can be diagnosed early in its course then we method?
think that the therapy is efficacious, but we have not DR. COND~i: Yes, there is an excellent albumin recov-
done a controlled trial. cry, although we are not preparing albumin. We get

DR. EKRPE: How do you store your preparation, and do between 85 and 90 percent recovery, of albumin from
you have data on its stability? the plasma applied to the column. We are not recovering

DR. CONDIL: We stored it two ways. We used to freeze albumin routinely because we have no need for it at the
it, but we became concerned because the top layer on present time.
prolonged freezing seems to dry out. We now store it at DR. STEPHAN: Your stabilization process, which uses
4 'C. We have samples that have been at room temper- Aerosil (silicon dioxide), was published by our group
ature for two years, and we have periodically tested for (Biotest) in 1968; 1 feel one should mention this.
aggregates and found little evidence that either aggre- DR. CONDIE: Yes, our patent attorneys uncovered that.
gation or fragmentation occurs in our preparation dur- We wvere unaware of this at the time we started.
ing this time. In fact, we have even stored plasma for DR. rIN.UYSON: Perhaps I should mention that Biotest
several years, after the silica treatment. No changes have should have pointed this out in view of the fact that this
been detected, provided the solution is sterilE. material has been referred to as the P-propiolactone-

DR. FINLAYSON: What is the solvent for your material treated material for many years when, in fact, as Dr.
as you ;tore it? Stephan has correctly said, it was the P-propiolactone

DR. CONDIE: It is 0.3 M glycine. and, also, the Aerosil-treated material.
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HUMAN CAI-MA GLOBULIN PRODUCTION CHECKLIST

LOT # IV 3-( I

Note' a) Letters and numbers in parentheses at left refer to steps In Protocol F3.

b) Place date and your initials in underlined space to right when procedure completed.

c) P = protein concentration in mg/ml; TP total protein, in grams.

(A2) 11U1IAN CRYOPOOR PLASMA:
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(A2) H1MAN CRYOPOOR PLASMA (cont'd):

Donor Type Source Date Drawn Donor # Type Source Date Drawn
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"(A2) HUAN CRYOPOOR PLASMA (cont'd):

""' Donor # Type Source Date Drawn Donor # Type Source Date Drawn
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' (A2) IIUbANM CRYOPOOR PLASMA (cont'd).:

Donor i0 Type Source Date Drawn Donor #I Type Source Date Drawn
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(A2) IUMAN CRYOPOOR PLASMA (cont'd):

"Donor # Type Source Date Drawn Donor # Type Source Date Drawn
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(A2) HUNAN CRYOPOOR PLASMA (cont'd):

Donor I Type Source Date Drawn Donor # Type Source Date Drawn
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(A2) HUMAN CRYOPOOR PLASMA (Icont'd).

*Donor I~Type Source Date Drawn Donor L~Type Source Date Drawn
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(A2) H1UMAN~ CRYOPOCJR PLASMA (con t'd)

Donor t7 Type Source Date Draurn Donor P Type Source Date Drawn
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(A2) HUMAN CRYOPOOR PLASMA (cont' d).

Donor 1~Type Source Date Drawn Donor 1~Type Source Date Drawn
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(A2) HU•MN CRYOPOOR PLASMA (cont'd)

Donor # Type Source Date Drawn Donor 0 Type Source Date Dra,n"
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HUMAN OAY1MA GLOBULIN P~RODUCTION CHECKLIST
LOT/I Appendix C2 170

•'•bLOT #v

.'&-: a) Letters and numbers parentheses at left refer to steps in Protocol F3.

b) Place date and yr r iitials in underlined space to right when procedure comple-ed.

c) P - protein concentration in mg/mi; TPI total protein, in grams.

(42) HUMAN CRYOPOOR PLASMA:

• c.• Donor # Type Source Date Drawnl, Donor # Type Source Date Drawn
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" " %A2) HUMAN CRYOPOOR PLASMA (cont'd): 
171
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Donor # Type Source Date Drawn Donor I Type So,. Date Drawn
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S (A2) 11U='iN CRYOPOOR PLASMA (cont'd): Appendix C2

Donor V Type Source Date Drawn Donor # Type Source Date Drawn
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(A2) IlUIlA•N CRIOPOOR PLASMA (cont'd): Appendix C2

Donor # Type Source Date Drawn Donor I Type Source Date Drawn
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49hl (A2) HU-WAN CRYOPOOR PLASMA (cont'd): Appendix C2

. Donor # Type Source Date Drawn Donor # Type Source Date Drawn
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. (A2) 1UM.A•N CRYOPOOR PLASMA (cont' d): Appendix C2

Donor 1 Type Source Date Drawn Donor # Type Source Date Drawn

> " I . ... ' '_,2,?r ;• ,• ', ..

__ __ /Y

-____ A /2L 'z~

-;7 2 / - -.Z.--
..72 7q 7 ,/7$ 2 ? /_ __•_ "_ -_

W, 
7 7-.- 

L.' -_
""-" - _____ -. O- " ? -zu -,

2/,IJQ..-, --- /,

/ ,/

7Z(/'. -"1 -7,',. /0'

'- ?<" ', / o -,,-/? _-___ -- ""

A,,4• 2I -71-- f> /7_,17<i. -• ---. ZzL •~i • -' '"/? ?

____: ,• 02'1s_ _ _ _

7j. 7/ .24.2, ___ /._i_____ 7____ __ _ 51/?/7'c

-__1 3 ____ 3 -/I.- ?
7;l 131 1- 279 1 / - -

7?7

7Z§~O~ji ~ 712 9 __ 07
..2 '/,ZO 1___ 7 1 Z____

7 Z- 7 -7

.- : ? s•Z !.. ):!r? -;,, __/ r __ _ _,___<

::i( #z7: 2-,? '/2'•:',2,. .. • 722 s-c~ • . L

5<7Z'/3 •..sX J•I ?17?796TzS c-O____ 6_______
;: z r'. i ,."' - '/ -

-72- -D 172

iZA9~~~.~~L.3-1 7Z$/___ ___ __

........... 7"

"7. ................. ....... , - - .... ..

. . . . . . . .. . . . . . . . . . . . . . .



(A2) HUMAN CRYOPOOR PLASMA (cont'd) Appendix C2 177

Donor # Type Source Date Drawn Donor - Type Source Date Drawn

c' __ /eI9~ 73171 &~

-Zk, - 1 •,-7.f/7 23-6 . Z.i- t. 7
2.i£ f L, ..C L . ,1 1-7"/;' ai.o 75 •.2 71bj/! 7

-ss,. •o -,1...1.....v 
,..., o~ 91/ / $ -k <

S- 
-,Q' 

-7/

7,5c_ oQ - .V • ?2/•3 •0 - __!_! __

,'. tz~-o•- • j ./'/2./?,• .2? JL -6Q - __K ______-,1

Y"_ I 17f 2 0 1 Q. 7/__5 "1

- .. / / 7

• .. 3 ) •-0C _ _ _ _ _ 7• ,• _I ,7• ,

.z.> 0 3)Z?/t 7?, •-g- - P •m ?

? .•w ._.__ ,-_.,/;/- 7_./76) 0 I ___.____

7U.- 0 ýZzL 2z7 7~c
-7 2, 

71

7?c7o• o / •,', 7 Z?.co/ 0.{- 7 ________ ._ _ _ .21 _ _ _ _ _ I_ _
:7 ''--Z2 Z-- 71 '.qZ E 7 1•/f '.,,,- .o •/

C;)

,_7_ _ ! , 7,3/ '7 ,- __ __ _,i

""-( 
7 -( 2 0 i - , ? 1 ,"

7 -7 ' Z 8 2.,2-L 772!K5-7 7/

-•Z Z/ C.,

7:7z/?!! I ________v~ c • •,'•!

,i-.,, 5 . ", .)"..' .. , . .

_____~-:z -
12____ (D~ ~ //

A . Ae.



(A2) HUNAM CRYOPOOR PLASRA (cont'd):ApedxC

Donor f~Type Source Date Drawnm Donor iFJype oreDt rw

* Ce- Ko- 2 0' 2- q ~ht
-' .~") [ ~ ~ /a-iI '~> * ___c_

7________ 
7______ 2'-t 

-

7ZZ/ Q17 7Z(70/

OL D

_______ rJ 2' _____ 1

7___ -- Z~-- (7'

('73~ n1- hNA

4-4.i



(A2) HIUM•N CRYOPOOR PLASRA (cont'd): Appendix C2 179

"Donor # 'Type Source Date Dra,,, Donor # Type Source Date Drawn

1W

%1, loý

Q~ lt. ., •

.. ,. _ ,LL '6 _ _ _ _ _ ? .. _ _ _

- 77

a -, 
7 14 1

..--. ,.,f--- -_-- -

( L-.,t. - ? A/ . . "-I % _ _ -, 1 _ _ _ _ _ _ _

""' 7Z¶qF- 'C '?_...

, °*17 __ _ _

7.' :: -' - '- , '/,'-' '-' '' •3 '." ' _ -, , ," -. "§'- '- •_ " " ", ." ". "--'.. - -/ ."" '" " "", . , .• _ _.. . _ _. _ _ __. - .,: . • , [ . ] '_,< • . ,.-- " . -. A ' " - " - " . ' - ,



7 ,.7'.,»7'7K Appendix C3 180 --

HiUMAN GAIMA GLOBULIN PRODUCTION CHECKLIST

LOT 2 .A

N% I',, a) Letters and numbers in parentheses at left refer to steps in Protocol F3.

b) Place date and your initial ii, underlined space to right when procedure completed.

c) P protein concentration in mg/ml; TP total protein, in grams.
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.. IAU N GA-MA GLOBULIN PRODUCTION CHECVTLIST

LOT# JI - .

Note: a) Letters and numbers in parentheses at left refer to steps in Protocol F3.

b) Place date and your initials in underlined space to right when procedure completed.

c) P "- protein concentration in mg/ml; TP total protein, in grams.
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(A2) HU,\AN CRYOPOOR PLASMA (cont'd):
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(A2) 1IUNAN CRYOPOOR PLASMNA (cont'd):
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(A2) 1IUUbA!Z CRYOPOOR PLASMAi (cont'd):
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(A2) IAUIIN CRYOPOOR PLASMlA (cont'd):
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(A2) HUZLAN CRYOPOOR PLASMA (cont'd):
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(A2) HU•NA CRYOPOOR PLASMA (cont'd):

Donor I Type Source Date Drawn]l Donor fi Type Source Date Drawn
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* (A2) HULkIAN CRYOPOOR PLASINN (cont'd):

SDonor Type Source Date Drawn Donor Type Source Date Drav.m
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(A2) HMOAN CRYOPOOR PLASMA (cont'd):

* Donor # Type Source. Date Drawn Donor # Type Source Date Drawn
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A Complete Concept in Consultation

CAPSULE
SL.ABOIRATORIES

A Diision of Ezonoffcfs kaboaliory. Ihc,
AegWCh & IDPWIOPmoft C~ntm
840 Sibley MemOr .l H".y St. Paul, #AN 55118 a 12) 457.4926

October 19, 1981

Sterility Audit Report to: University of Minnesota

Date Received: October 2, 1981
Date Tested: October 2, 1981
Sample Description: Anti-Botulinal Toxins IVBG-1-A

Date Bottled: October 2, 1981

Refei-ence: 21 CFR Part 610.12

Sample Description Media* Results

#1 SCD Negative
TG Nega t ive

#2 SCD Negative
W TG Negative

#3 SCD Negative
TG Negative

#4 SCD Negative
TG Negative

#5 SCD Negative
TG Negative

"#6 SCD Negative
TG Negative

#7 SCD Negative
TG Negative

#8 SCD Negative
STG Negative

#9 SCD Negative
TG Negative

""o #10 SCD Negative
TG Negative~ T

S#l SCD Negative
TG Negative

% -
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.",.

2

Sample Description Media Results

*.#12 SCD Negative
TG Negative

#13 SCD Negative
TG Negative

"#14 SCD Negative
TG Negative

#15 SCD Negative
TG Negative

"#16 SCD Negative
I, TG Negative

#17 SCD Negative
TG Negative

#18 SCD Negative
TG Negative

#19 SCD Negative
"TG Negative

#20 SCD Negative
TG Negative

"Pil * SCD - Soybean Casein Digest 20-25 0 C incubation for 14 days

"TG - Fluid Thioglycollate 30-35 0C incubation for 14 days

CAPSULE LABORATOR ES

Lynn Long
.*.Microbiologist

LL:pal

"0.° . .* * .. " . . *. **. ..* '. ..- . . . • % ". -. ' -.
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TECHNICAL DATA

STERILITY AUDIT REPORT

STERILITY AUDIT REPORT TO: UNIVERSITY OF MINNESOTA

DATE RECIEVED: 12/13/1982

DATE TEST ENDED: 12/27/1982

SAMPLE DESCRIPTION: BOTULISM IMMUNE GLOBULIN

LOG NUMBER: 14445

REFERENCE: (21 CFR PART 610.12]

"NUMBER MEDIA INCUBATION POSITIVE
"" ITEM LOT NO. TESTED TG SCD DAYS TEMP. TG SCD

S IV`BG-IB #1 2 1 1 14 32/22 0 0

4 iV`BG- IB # ? 2 1 1 14 32/22 0 0

-IVBG-IB #3 2 1 1 14 32/22 0 0
IVBG-IB #i4 2 1 1 14 32/22 0 0IN7BG-IB #5 2 1 1 14 32/22 0 0
IVBG-IB #6 2 1 1 14 32/22 0 0
IVBG-IB #6 2 1 1 14 32/22 0 0
IVBG-IB #8 2 1 1 14 32/22 0 0
IVBG-1B #9 2 1 1 14 32/22 0 0
"TVBG-IB #10 2 1 1 14 32/22 0 0

SCD - SOYBEAN CASEIN DIGEST
TG - FLUID THIOGLYCOLLATE

THESE SAMPLES PASS THE TEST FOR STERILITY

It is the client's responsibility to have on file test data
indicating the bacteriostatic/fungistatic characteristics

of the product

COMMENTS

Capsule Laboratories

*• Lynn Long
Microbiologist -

.APSULE LAI•-RATORI"ES

•.;'.-.•; ,'; .- 4.:''.."• • • -•:'...'k ':. •• ,v, '"-" ."' '-" '•" "," ". ' "•-". ."' - "." . . . " -'%'
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TEEIANIEAL DATA
STERILITY AUDIT REPORT

STERILITY AUDIT REPORT TO: UNIVERSITY OF MINNESOTA

DATE RECIEVED: 12/13/1982

DATE TEST ENDED: 12/27/1982

SAMPLE DESCRIPTION: BOTULISM IMMUNE GLOBULIN

LOG NUMBER: 14445

REFERENCE: [21 CFR PART 610.12]

NUMBER MEDIA INCUBATION POSITIVE
ITEM LOT NO. TESTED TG SCD DAYS TEMP. TG SCD

"IVBG-1B #11 2 1 1 14 32/22 0 0
,-DVBG-lB #12 2 1 1 14 32/22 0 0

""-1VB-1 3 2 1 1 14 32/22 0 0
IVBG-1B #14 2 1 1 14 32/22 0 0
IVBG-1B #15 1 1 14 32/22 0 0

IVBG-1B #16 2 1 1 14 32/22 0 0
IVBG-IB #17 2 1 1 14 32/22 0 0
IVBG-IB #16 2 1 1 14 32/22 0 0
IVBG-1B #19 2 1 1 14 32/22 0 0
IVBG-1B #20 2 1 1 14 32/22 0 0

SCD - SOYBEAN CASEIN DIGEST
TG - FLUID THIOGLYCOLLATE

THESE SAMPLES PASS THE TEST FOR STERILITY

It is the client's respoi.sibility to have on file test data
indicating the bacteriostatic/fungistatic characteristics
of the product

COMMENTS

Capsule Laboratories

Lynn Long
Microbiologist

C.APSULE LABORATORIES
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TECIHNICAL DATA

STERILITY AUDIT REPORT

STERILITY AUDIT REPORT TO: UNIVERSITY OF MINNESOTA

DATE RECIEVED: 7/30/1982

DATE TEST ENDED: 8/17/1982

SAMPLE DESCRIPTION: BIOLOGICS

REFERENCE: [21 CFR PART 610.12]

NUMBER MEDIA INCUBATION CONTAMINATED
ITEM LOT NO. TESTED TG SCD DAYS TEMP. TG SCD

IVBG-2A #1 2 1 1 14 32/22 0 0
"IVBG-2A #2 2 1 1 14 32/22 0 0

S*"TVBG-2A 12 14 32/22 0 0VBG-2A #4 2 L 14 32/22 0 0
-. IVBG-2A #5 2 1 1 14 32/22 0 0

"" IVBG-2A #6 2 1 1 14 32/22 0 0
IVBG-2A #7 2 1 1 14 32/22 0 0
"IVBG-2A #8 2 1 1 14 32/22 0 0
IVBG-2A #9 2 1 1 14 32/22 0 0
IVBG-2A #20 2 1 1 14 32/22 0 0

SCD - SOYBEAN CASEIN DIGEST
TG - FLUID THIOGLYCOLLATE

THESE SAMPLES PASS THE TEST FOR STERILITY

It is the client's responsibility to have on file test data
indicating the bacteriostatic/fungistatic characteristics
of the product

COMMENTS

Capsule Laboratories

Lynn Long
Microbiologist

-: .APSULE L.AB)RAT.RI5ES
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TEI--NI CAL DATA

STERILITY AUDIT REPORT

STERILITY AUDIT REPORT TO: UNIVERSITY OF MINNESOTA

DATE RECIEVED: 7/30/1982

DATE TEST ENDED: 8/17/1982

SAMPLE DESCRIPTION: BIOLOGICS

-REFERENCE: (21 CFR PART 610.12]

NUMBER MEDIA INCUBATION CONTAMINATED
"ITEM LOT NO. TESTED TG SCD DAYS TEMP. TG SCD

IVBG-2A #11 2 1 1 14 22/32 0 0
. %TVBG-2A #12 2 1 1 14 22/32 0 0
i riVBG- 2A #13 2 1 1 14 22/32 0 0

IVBG-2A #14 2 1 1 14 22/32 0 0
IVBG-2A #15 2 1 1 14 22/32 0 0
IVBG-2A #16 2 1 1 14 22/32 0 0
IVBG-2A #17 2 1 1 14 22/32 0 0
IVBG-2A #18 2 1 1 14 22/32 0 0
IVBG-2A #19 2 1 1 14 22/32 0 0
IVBG-2A #20 2 1 1 14 22/32 0 0

SCD - SOYBEAN CASEIN DIGEST
TG - FLUID THIOGLYCOLLATE

THESE SAMPLES PASS THE TEST FOR STERILITY

It is the client's responsibility to have on file test data
indicating the bacteriostatic/fungistatic characteristics

- v'. of the product

COMMENTS :

"Capsule Laboratories

-" Lynn Long

Microbiologist

,APSULE LABRATD3RI=;S
,• ,, . -, • ..,,• • . % . . . . - .. , . . , . . . ,, . . ., . . . . - . . . . - . . . , . . . .
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TECHNICAL DATA
STERILITY AUDIT REPORT

STERILITY AUDIT REPORT TO: UNIVERSITY OF MINNESOTA

DATE RECIEVED: 8/2 '1982

DATE TEST ENDED: 9/10/1982

SAMPLE DESCRIPTION: ANTIBOTULINAL TOXIN

LOG NUMBER: 14067

REFERENCE: (21 CFR PART 610.121

NUMBER MEDIA INCUBATION POSITIVE

ITEM LOT NO. TESTED TG SCD DAYS TEMP. TG SCD

10kIVBG-2B #1 2 1 1 14 32/22 0 0
'iVBG- 2B #2 2 1 1 14 32/22 0 0

IVBG-2B #3 2 1 1 14 32/22 0 0
IVBG-2B #4 2 1 1 14 32/22 0 0
IVBG-2B #5 2 1 1 14 32/22 0 0
IVBG-2B #6 2 1 1 14 32/22 0 0
IVBG-2B #7 2 1 j 14 32/22 0 0
IVBG-2B #8 2 1 1 14 32/22 0 0
IVBG-2B #9 2 1 1 14 32/22 0 0
IVBG-2B #10 2 1 1 14 32/22 0 0

SCD - SOYBEAN CASEIN DIGEST
TG - FLUID THIOGLYCOLLATE

THESE SAMPLES PASS THE TEST FOR STERILITY

44 4 It is the client's responsibility to have on file test data
N indicating the bacteriostatic/fungirtatic characteristics

of the product

h COMMENTS :
S,,Capsule Laboratories

I, Lynn Long
Microbiologist

C'APSUL.r L•. aoRATDRIE -=-._

~~~~~~55~~~~~~~~ .7 r-~q m ~ **~ ' . S '.' ~ * 
5

j ~~ ~.
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TECHNICAL DATA

.* STERILITY AUDIT REPORT

STERILITY AUDIT REPORT TO: UNIVERSITY OF MINNESOTA

"DATE RECIEVED: 8/27/1982

DATE TEST ENDED: 9/10/1982

* SAMPLE DESCRIPTION: ANTIBOTULINAL TOXIN

LOG NUMBER: 14067

REFERENCE: [21 CFR PART 610.12]

NUMBER MEDIA INCUBATION POSITIVE
ITEM LOT NO. TESTED TG SCD DAYS TEMP. TG SCD

C!IVBG-2B #11 2 1 1 14 32/22 0 0
IVBG-2B #12 2 1 1 14 32/22 0 0

3IVBG-2B #13 2 1 1 14 32/22 0 0
IVBG-2B #14 2 1 1 14 32/22 0 0
IVBG-2B #15 2 1 1 14 32/22 0 0
IVBG-2B #16 2 1 1 14 32/22 0 0
IVBG-2B #17 2 1 1 14 32/22 0 0
"IVBG-2B #18 2 1 1 14 32/22 0 0
IVBG-2B #19 2 1 1 14 32/22 0 0
IV3G- 2B #20 2 1 1 14 32/22 0 0

-. " SCD - SOYBEAN CASEIN DIGEST
"- TG - FLUID THIOGLYCOLLATE

THESE SAMPLES PASS THE TEST FOR STERILITY

It is the clientos responsibility to have on file test data
indicating the bacteriostatic/fungistatic characteristics

. of the product

q COMMENTS

:%:. ) Capsule Laboratories

Lynn Long
Microbiologist

-~ CAPSULM LASC3RATCRIES
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•a Sarfl•le Tested: IVBG-IA

•'•Date Bottled: 10/2/82

1,11YROGEN TEST RECORD SHIEET Time-s Tested: 1) X 2) - 3)-zt

Corditioned: 1/5/83 By: J.P. Date Tested: 1/5/83 ByJ.P.

-'4-...

Scc Avg. figh
R-.' .ahbit # Injected Pre 30, 00' 120 ' 180 ' Rise Deviation

"'_5"" ...10 2.03 38.65 38.9 39.1 39.0 38.85 .313 .45

11'• i 2.11 38.65 38.85 38.85 38.9 38.9 .225 .25

",-_J12 .2.22 38.95 39.0 139.0 39.05 139.1 . 188 . 25

,'U

' Groat Avg. Rise: .242

x..

- Avg.Hg tein3

K• :. .. ,--,. . .. ..- ,. . ....__ _ __ _ _ __ _,__ _ .,..___.... __.. . ..._ _. .__ ,_ ,_L ... .. , __ __ _ .,. . _,__ ..__ -__ .._I
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Saniple Tested: IVBG-1B (rebottled)

Date Bottled: 12/9/82

PYROGEN TEST RECORD SHEET Times Tested: 1) X 2 )_ 3)

Date
CDite onedp.12/13/82 J.P.
Conditioned.12/13/82 By: Date Tested:_By:

'BY.

cc Avg. Hig

Rabbit # Injected Pre 30' 60' 120' 180' Rise Deviation

11 2.05 39.25 39.2 39.15 39.1 39.1 0 0

, 12 2.11 39.05 39.35 39.35 39.25 39.0 .25 .3

13 2.11 39.25 39.2 38.9 38.9 38.95 0 0

Group Avg. Rise: .083

Group Avg. of Highest Deviation: .10

Passed: X Failed:

%7.
-~mnts:

7-
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Sanple Tested: IVBG-2A I!

Date Bottled: 7/30/82

P•_IICGEN TEST RECORD SHEET Tires Tested: 1) X 2) 3)

.1

Date
Conditioned: 1/18/83 By: J.P. Date Tested: 1/19/83 By,, J.P.

cc 1 " Avg. High i

Rebbit # Injected Pre 30' 60' 120' 180' Rise Deviation

11 1.91 39.0 39.15 39.4 39.5 39.4 .363 .5

12 1.83 39.35 39.25 39.65 39.75 39.65 .225 .4

13 _ 1.66 39.1 39.05 39.4 39.6 39.25 .25 .5

Gmup Avg. Rise: .279

S Group Avg. of Highest Deviation: .467

Passed: X Failed:

Cbets: BR#10 -failed t emperature rise of 0.8%Ci

p.'

.I'

I,I
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Sample Tested: TVBG-2B

-\ Date Bottled: 8/27/82

PYROGEN TEST ?DORD SHEET Times Tested: 1) X 2) 3)

Date
-Cnditioned: 1/19/83 By: J.P. Date Tested: 1/20/83 Bv: P.V.

cc Avg. High
Rabbit # Injected Pre 30' 60' 120' 180' Rise Deviation

10 1.94 39.0 39.1 39.1 39.15 39.15 125 .15

11 1.97 39.35 39.5 39.45 39.4 39.6 .138 .25

12 1.91 39.3 39.4 39.4 39.3 -39.3 .05 .1

13 1.69 38.7 38.85 39.1 i39.1 39.1 .337 .4

Group Avg. Rise: .163

Group Avg. of Highest Deviation: .225

Passed; X Failed:

N '.:, Convients:

' . -J

9. ,-.' - .,

'9.i .
i
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SAFETY TEST

S LOT # TVBG-A

GUINEA PIGS 5.0cc I.P. each

Received 9-29-81

Test started 10-2-81 By. PV Test ended 10-9-81 By PV

Description Pre injection weight WAeight end of test

iiI. Brown/White .270 grams 335 grams Pass or Fail

W2 Brown 295 grams 330 grams or Fail

*-Or

A MCE .5cc I.P. each

"Type SW

"Test started 10-2-81 By PV Test ended 1Q-9-L1 By Pv

S"Pre injection wecight Weight at end of test

""1' Not clipped Pss r Fail
_______________ 19.1 grams 25.6 grams _ ___

-,,: #2 Clipped 20.0 grams 24.1 grams or Fail

iN 7

,'--
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SAFETY TEST

LOT # IVBG-1B (Rebottled 12/9/8Z)

GUINEA PIGS 5.0cc I.P. each

Received 12/17/82

Test started 1/21/ By p Test ended * By 2,V_

Description Pre injection weight Weight end of test

#1 Brown .265 grams 330 grams P or Fail

#2 Black 230 grams gas('s)r Fail

i 'ICE .5cc I.P. each

Type SW

Test started 12/15/82 By P.V, Test ended1,2 By p V

Pre injection weight Weight at end of test

#1 Not clipped 20.4 grams 21.1 grams or Fail

"#2 Clipped 19.8 graw3 21.0 grams r Fail

'4:

*The animals were not weighed on 12/28/82 (Day 7) due to a snowstorm that resulted

in the University closing.

%'-
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SAFETY TEST

LOT # IVBG-2A

GUINEA PIGS 5.0cc I.P. each

Received 7-22-82

Test started 7-30-82 By P.V. Test ended 8-06-82 By L.N.

Description Pre injection weight Weight end of test

#1 Brown!White 360 gm 400 gm IPas's or Fail

#2 White 275 gm .310 gm QP~asbr Fail

MICE .5cc I.P. each SType 

SW

Test started 8-05-82 By P.V. Test ended 8-12-82 By L.N.

Pre injection weight Weight at end of test

#1 Not clipped 17.9 gm 19.4 gm Pass cr Fail

* SN

#2 Cippe 17. gm19.3 gmnOwl- #2Cliped 7.5gm Pass or Fail

-%,

5 %'
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SAFETY TEST

LOT # IVBG-2B

GUINEA PIGS 5.0cc I.P. each

Received 8-27-82

Test started 8-27-82 By P.V. & L.N. Test ended 9-03-82 By P.V.

Description Pre injection weight Weight end of test

#1 Brown 265 gm 295 gm as or Fail

"#2 Brown/White 250 gm 295 gm or Fail

MICE .5cc I.P. each
SType 

SW ?

Test started 9-02-82 By P.V. Test ended 9-09-82 By P.V.

Pre injection weight Weight at end of test

#1 Not clipped 20.8 gmu 21.3 gm Pass)or Fail

#2 Clipped 21.0 gm 23.0 gm r Fail

_ F

y.|

S.- .-.
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-. . -~~ !.!I NNESCT-1 -~~

- ,-TE :3.:POIRTC -SUIPG'7:Yq 'D"T 105 3 C:T 'Lql

2-A~T IVBG-]A HCAT 01.93-000003"21

A CC: L.~ T 02143AV:\¶.IT DATE lf610

2Or2l7T3 fQ 06/19013-

RnYV 393v wAYIQ

-S'...~~~~p~ V.. .-- & ~ N E 'A'.- S .z c' T SE T N .1CY S

H~aNT-1 '4 1F 0-127 Y:,

.L.,! oa
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UNIVERSITY OF MINNESOTA HOSPITALS AND CLINICS Appendix C 217

SUMMARY OF LABORATORY RESULTS

OATIENT - C , BED LOCATION"'. '-93/' / DATE: 0,/ - / -

)ISCHARGE .VBG-.B TIME. -9:42

- SEX: AGE i. OOCTOR: PAGE-

------ ---------- -------- ---------- ----- --- ------- - -- - ---- - - - - - -----------------------

------------------------- LG(CU SANK--------- -- -- -- -- -- -- ------

,-EPIT.TI5
L 'r " ." .''1•, . Ar\T I -h E A-N T I-HRS

,!".. . . , h G N N ,E G
Ž.A.Y.' 12 1r?, Cp•

'L'-'" ( ;,, i -

"I T

A1. ID,: BED LOCATION: DATE:

*21 ..-



""°. UNIVERSITY OF MINNESOTA HOSPITALS AND CLINICS

SUMMARY OF LABORATORY RESULTS

.TIENT IVBG, 2A BED LOCATIGIP jO93/SP DATE8, 86/82

. SCHARGE TIMEI : 1 9

- " 1.93-0000000-1 SEX. AGE 0  DOCTOR: - PAGE: i

vILOGY .. .. -- .....-

HEPATITIS 8 . . .. .
BLO01 H3SSAG AN"I-rlBC ANTI-i8S
NORMALS NEG NEG NEG
U UNITS

,. AUG 4 1140 NE& P0S Pis
-. ,. 5/31 8)1

-i

• ,t

.-,

"J.

-, • .": ' " , - . . . .. . -,- -. . .. I. .: BED LOCATION : DATE:

La *_X a a.-.- .- . . .
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SUMMARY OF LABORATORY RESULTS

*X'.'DATIENT IV, 2 BED LOCATIONSP0O 1 93 /SP DATE 9/ 3/1"
- TIME, 19: 2 7

.- :,"' 193-7CCOO2-]SEX: AGE 0 DOCTOR: PAGE:

------------------------------------- VIROLOGY -- ----------------------------

--------------------- -- L00 BAK----------------

HEPATITIS B
BLCC ,3 T I - ,-i' C A'T I-H E NT I-H,.S

- NORMALS NEC. N E G NEC NEC NEG
". UNITS
"" AUG 31 1520 NEG 1EG P0S POS PCS

"q/ 3/32)

hen

'-ma .1..... .

,. . ..... ~.. . ..-..--

.- •. '4 , . . . .. ~.'-

-. *- o.*..,. . • ,

II'

' 4 ..

,• . . . .. .. ... . . .
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Catr1-odadDrug Administrtion o § 610.2

not act$ which require such pbarmacies See.

wh r anuiscer. blood3 produdtd solelyr-4rtpnsb~

who actiu wo anualtue blood prdcsslly2crcrT .Se.C. 215.Sc 5, 58 Stat. 6902,

products which are not for sale, rather, ~I:3 R306 o.2,17.Uls
are solely fo:- use in research. teaching, ohrientd
o~r analysis, Including laboratory sam- asRraqc3roU..Ctm Se.

(dp arlrseyseso.f hi recipt rZeruations relating to Vii-u~sif, serains,holdariers, oyrdeliver of blood reeit &a zi see 19 CP'R 12.21-12.23. For US._carriage, hligordlvrofbod p servic regUl&,tIons relating to the ad-
products in the usual course of business mt-stbillty to the Dnited States mails see 39
as carriers. CFPR Part 124, and 125, esp. 1 125.2.

(e) Persons who engage solely in the SbatARlaeRqieet
manufacture of in vitro diagnostic blood

%9 proiucts and reagents not subject to § 610.1 Tests prior to release requireci
licensing under section 351 of the Public for each IOL
Health Service Act (42 U.S.C. 262). No, lot of* any licensed product shall

be released by the msanulacturer prior
'~-.PART G10-GENERAL BIOLOGICAL ",o the completion of tests for ctonformity

X.PRODUCTS STANDARDS with Standards applicA~ble to such prod-
Subpart A-Releaste Requirements tlct. Ea-ch applicable test shall be made

on each lot after completion of all
610.1 Tests prior to relea~se required for Processes of manu~facture which may7 af-

PA&eacb lot. fect compliance with the standard to
610.2 Requesta for samples and protocols; which the test applies. The results of

a~cila releasm, all tests performed sha~ll be considered
Subpart 5--General Pro visions lin determining whether or not the test

610.10 Potency. result3s meet the test objective, except
~. .* 10.11 Goea sa~fiety. that.e aen tes restilt may be disregarded

610111Inativtedinfuena "ciz, gn- henit s cl~nli~ed hatthe test i
era~l fsafety test. invalid due to cau~ses unaelated to the

6i0o.12 .-lltlty. product.
610.13 Purity.
610.14 Identity, §610.2 Reqruests for samples andl proto.
610.15 Constituent ma~terials. cols, official release.
610.18 Total solids In serums.
610.17 Permiss~ble cobntos (a) General. Samples of any lot of
610.18 Cutues any licensed product, except for radio-

Uhprt -- tonardPrpartios nd Um~ts. active biological products, together with
SL~artC-taoar Potencyton the protocols showing results of appli-

610.0 Sandrd Pepaatins.cable tests, may at any tim~e be required
810.20 LimtsOfc Prteaa~ns,. to be sent to the Dire'ctor, Bureau of BI-

610.2 L~mts fpocyologics. Upon notification by the Director,
Subpart D-IMycopissma Bureau of Biologics a manufacturer

610.30 Test for Myo~plas~ma. shall not distribute a lot o'f a product
Subpart C-He~patitis Requiremenits until the lot is released by the Director,

610.40 Test for hepatitis B surfAce antigen Bureau of Biologics: Provided, That the
610.41 Riatory of hepatitis B surface anti- Director, Bureau of Biologics, shall not

gmn Lsu such notification except when
Subpart V-O-atlng Period LUmItations deemed necessary for the safety, purity.

510.50 Date of manu~facture. or Potency oi the product.
610.51 Periods of cold strae (b) Radtoactive biological products.
610.52 Dating period. SamIpl .; of any lot of a radlioactive blo- 9
610.53 Datl~ug periods for specific pro-ducts, logical product, as defined In I 600.3(ee) 1

Subpart G-Labe~ing Standards of this chaptear, together with the proto-
610.60 Container label. cols showing results of applicable tests,
810.81 Pakg lbl may at any time be required to be sent to
610.62 Proper 13-me; package label-, legible the Food and Drug Admintistration for

type. offcia release. Upon notification by the
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Director, Bureau of Drugs, a manufac- this section. Once the manufacturer has

turer shall not distribute a lot of a radio- established a spEc1fic duration of the test

active biological product until the lot is period for a specific product, it cannot be

released by the Director, Bureau of varied subsequently, except, in accord-

Drugs: Provided, That the Director, Bu- ance with paragraph (f) of this section.

reau of Drugs shall not issue such notifl- Each test animal shall be weighed and

cation except when deemed necessary the individual weights recorded ir..me-

for the safety, purity, or potency o: the diately prior to injection and on the last

product. day of the test. Each animal shall be

[40 FR 3131S, July 25, 1975[ observed every working day. Any ani'mal

Subpart B-General Provisions response including any which is not spe-
cilfic for or expected from the product

§ 610.10 Potency. and which may indicate a difference In

Tests for potency shall consist of eitner its quality shall be recorded on the day

In vitro or in vivo tests, or both, which such response is observed. The test prod-

have been spectfical.y designed for each uct shall be adminsistered as follows:

product so as to indicate its potency In (1) Liquid product or freeze-dried

a man'aer adequate to satisfy the inter- product which has been recorstituted as

pretatlon o: potency given by the defini- directed on 1he label. Inject intrape--i-

tion in § 600.3(s) of ttJs chapter. toneally 0.5 milliliter of the Liquid prod-
uct or the reconstituted product into

§ 610.11 General safety. each of at least two mice, and 5.0 milli-

A general safety test for the detection liters of the liquld product or the recon-

of extraneous toxic contaminants shall stituted Product into each of at least

be performed on biological products in- two guinea pigs.

tended for administration to humans. (2) Freeze-dried product for which

The , eneral safety test is required in the volume of reconstitutior is not indi-

addi-.nf to other specific tests prescribe, cated on the label. The route of adminls-

in the additional standards for individ- tration, test dose, and diluent shall be as

ual products in this subchapter, except approved by the Director, Bureau of Bi-

that, the test need not be performed on ologics, in accordance with paragraph

those products listed in paragraph (g) of (f) of this section. Administer the test

"this section. The general safety test vLiall product as approved on at least two mice

be performed as specified in this section. and at least two guinea pigs.

unless: Modification is prescribed in the (3) Nonliquid products other than

additional standards for specific prod- freeze-dried product. The route of itd-

ucts, or variation is approved as an ministration, test dose, and diluent shLal

amendment to the product license under be as approved by the Director, Bureau

paragraph (f) of this section. of Biologics, in accordance with para-

(a) Product to be tested. The general graph (f) of this section. Dissolve 'or

safety test shall be conducted upon a grind and suspend the product in the ap-

representative sample of the product in proved diluent. Administer the test prod-

the final container from every final fill- uct as approved on at least two mice

ing of each lot of the product. If any and at least two guinea pigs.

product is processed further after filling, (d) Test r Me .%ents. A safet- te-t is

such as by freeze-drying, sterilization, or satisfactory N annals meet all of the

heat treatment, the test shall be con- folloUwing requlrelftrefts:
ducted upon a sample from each flltdng (1) They survive the test period.

of each drying chamber run, sterillza- (2) Thy do not exhibit any response

tion chamber, or heat treatment bath. which is -act specific for or expected

(b) Test anima1s. Only overtly healthy- from the product and which may indi-

guinea pigs weighing less than 400 grams cate a difference in its quality.

each and mice weighing less than 22 (3) They weigh no less at the end of

grams each shall be used. Tlhe animals the tp.st period 6hi; at tie time of in-

khhall not have been used previou j Xrr jection.
any tes -. (e) Repeat tests-(1) First repeat test.

(c) Proceaure. The duration of the If a filling fails to meet the requirements

general safety test shall be 7 days for of paragraph (d) of this section in the

both species, except that a longer period initial test, a repeat test may be con-

may be establItshed for specific products ducted on the species which failed the

in accordance with paragraph (1) of initial test, as prescribed In paragraph

- .2.

'1=•.
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"""c of thiz section. The fflling is satis- § 610.X! Sterility.
factory only if each retest animal meets Except as provided in pamgrap:.s (f)
the requirements prescribed in paragrnph and (g) of this ltion, the sterility of
(d) of this section. each lot of each product shall be demon-

(2) Second repeat test. If a filling falls st-ated by the performance of the tests
to meet the requirements of the first re- prescribed in paragraphs (a) and (b)
peat test, a second repeat test may be of this section for both bu~l and ftnsl
conducted on the species which failed the container material.
test: Protrided, That 50 percent of the to- (a) The test. Bulk material shall be
tai number c' animals in that species has tested separately from fin-l container
survived the initial and flrst repeat tests. material and material from Lach final
The second repeat test shall be conducted container shial be tested in individual
as prescribed in paragraph (c) of this test vessels as follows:
section, except that the number of ani- (t ) Using Flud Thioglycollate Me-
mals shall be twice that used in the first dium-(i) Bulk and final container

-. repeat test. The filling is satisfactory only material. The volume of product, a~s re-
% tf each second repeat test animal meets quired by paragraph d of this sectionthe requircments prescribed in para- (hereinafter refeared to also as the

"graph (d) of this section. "inoculum"), from samples of both bulL-
"" if) Test variations. Variations in the and final container materl, shall In

general safety test, such as test dose, inoculated into test vessels of Fluid
route of administration, or duration of Thioglycollate Medium. The inoculurm
"the test period may be offered as an and medium shall be mixed thoroughly

""N. amendment to the product license and and incubated at a temperature of 30
must rezeive written approval by the Di- to inC. f t a te mperiod of 30"
rector, Bureau of Biologics, Food and to 32 C. for a test period of no less than
Drug Administration. Approval will be 14 days and examined visually for evi-
given only if the license amendment pro- dence of growth on the third, fourth, or.
vides substantial eviderce demonstrat- fifth day and on the seventh or eighth
Lng that the proposed test variation will day and on the last day of the test period.
assure sensitivity equal to or greater than Results of each examination shall be
the test prescribed in this section. recorded. If the Inoculum renders the

(g) Exceptions, The test prescribed in medium turbid so that the absence of
this section need not be performed for growth cannot be determined reliably
Whole Blood (Human), PRed Blood Cells by visual exa.mlnatlon, portions of this
(Human), Cryoprecipitated Antihemo- turbid medlirm in amounts of no les~s
philic Factor (Human), Platelet Concen- than 1.0 ml. shall be transferred on the
trate (Human), or Single Donor Plasma third, fourth, or fifth day of incubation,
(Human), from each of the test vessels and inocu-
141 F 10891, Mar. 15, 176) lated into additional vessEtis of medium.
§ 61 0 .11a Inactivated influenza vaccine, The material in the additiona~l vessels

general safety test. shall be Incubated at a temperature of
For inactivated Influenza vaccine, the 30" wo 32" C. for no less than 14 days.

general safety test shall be conducted in Notwithstanding such transfer of mate-
the manner indicated in § 610.11 of this rial, exanirnation of the original vessels
chapter except that, with refereuce to shall be continued as prescribed above.
guinea pigs, the test shall be satisfied if The additional test vessels shall be ex-
the product provides satisfactory results a.mlned visually for evidence of growthusing either the subcutaneous or intra-.peritoneal injection of 5.0 milliters of bon the third, fourth, or fsfth day of incu-
inactivated influenza vaccine into each tton and on the seventh or eighth day
guinea pig. The requirements for general and on the last day of the incubation
safety for Inactivated influenza vaccine period. If growth appesars, repeat tests
shall not be considered to be satisiled may be performed as prescribed In par•-
unless each lot of influenza vaccine is graph (b) of this section and interpreted
assayed for endotoxin in comparison to a as specified In paraph () of thlz
reference preparation provided by the sectom
Food and Drug Adninlstration, and such (iU) Final container material contain-
lot is found to contqin no more endo- Ing a mercuria. preservative. In addition
toxin than the refei cne preparation, to the test prescribed in subparagph
139 FR 40o01, Nov. 13. 19741 (1) (1) of thýs paragraph, final contAiner

.',%
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mateiial containing' a merclrial preserv- meets the test requirements if no growth
ative sha" be tested using Fluid Thio- appemrs in the tests prescribed in para.
glycollate Medium following the proce- rraph (a) of this section. If repeat tests
dures prescribed in such subparagraph, axe performed, tbe lot meets the test
except that the incubation shall be at a requirements if no growth appears in the
temperatture of 20" to 25" C. tests prescribed in paragraph (b) (2) cr

(2) Using Soybean-Cascin LiVg-t (3) of this sectiou, wLichever is
Medium. Except for products contair.- applicable.
Ing a mercuxrial preservatve, a ýest shall kd) Test samples and volumes--()
"be made on final container material, fol.- Bulk. Each sample for the bulh. sterility
lowlig the procedure~s presrlbed in sub- tW-t shail be representative of the bulk
paragraph (1) (1) of thl£, paragraph, materlal and the volume tested shall be
"except that the medium shall be Soy- no less than 10 ml. (Note exceptions in
bea•n-Casein Digest Medium and the paragraph (g) of this section.)
Incvbation shall be at a temperature of (2) Final containers. The sample used
20 to 25' C. for each test medium or each incuba-

(b) Repeat tests. if growth appears in tion temperature of a test medium for
any of the test media during testing of the final container and first repeat final
either bulk or final container material, container test .hall be no less thaa 20
the test may be repeated to rule out 1ers o
faulty test procedures as follows: lot. selected to represent a stages of

(1) Repeat bulk test. The volume of in- LliTan from the bulk vessel. U! the amount
oculhum to be used for the repeat bulk test of material in the final container is 1.0
shall be as prescribed in paragraph (d) milliliter or less, the entire contents
(1) of this section. The repeat test shall shall be tested. Uf the amount of ma-
be performed using the procedure pre- terial in the final container is more than
scribed in paragraph (a) (1) (i) of this 1.0 milliliter, the volume tested shall be.section. the largest single dose lecommended by

(2) First repeat final container test, the manufacturer or 1.0 milliliter, which-
The number of test samples ana the vol- ever is larger, out no more than 10 milli-

00 umes of product used for the first repeat liters of material o:" the entire contents
test shall be as prescribed in paragraph from a single final container need be
(d) (2) of this section. For products that, tested. If more than 2 filling machines,do not contain a mercurial preservative, each wi•h either single or multiple nlilngthe repeat test shall be performed, using stations, are used for filling one lot, no
both Fluid Thioglycollate Medium and less than 10 filled containers shall beSoybean-Casein Digest Medium, follow- tested from each illing machine for each
ing the procedures prescribed in para- test medium or each Incubation tempera-graphs (a) (1) (1) ".nd (a) (2), respec- ture condition, but no more than 100tively, of this section. If the product containers of each lot need be tested. The
contains a mercurial preservative, the items tested shall be representative of
repeat test shall be performed using each filling assembly and shall beFluid Thioglycollate Medium and theprocedures prescribed in paraL-raph (a) eetdorpesn 1saesote
procedures prescribed s n, tarara a) filling operation. - (Note exceptions in(1) (1) and Wii of this seottin.

(3) Second repeat fnal container test, paragraph (g) of this section.)
I growth appears in any of the first (e) Culture medium-(1) Formulae.
repeat final container tests, all tests of (1) The formula for Fluld Thioglycol1ate
the first repeat final container test shall Medium is as follows:
be repeated, provided there was no evi- fvm T~ao""rcosx.Aix &=rra
dence of growth in any test cf the bulk 1 =cystine ------------------- 0. 5 CJn(.
material. The test samples used for the Sodum chloilde ------- 2. 5 GM.
second repeat final container test shall Dertros (CIEKO,.HO) ------- 5. 5 Gin.be twice the number used for the first re- Granular agar (les than 15% 0. 78 Gin.
peat final container test. moisture by weight).

(C) Inter-pretation' of test results. The Yeast extract (wvter-moluble) 5. 0 am.
results of all tests performed on a lot Pancreatic digest of eael_.. 15. 0 Gm.
shall be considered in determining Purified water -------------- 1, 000.0 ml.
whether or not the lot meets the require- sodiu= thioglycolate (or tl- 0. 5 G=..
ments for sterility, except that tests may 09) c (a.co% id 1.0O m0.
be excluded when demonstrated by ade- fresh)y prepared).
quate controls to be invalid. The lot pH after sterilization 7.1 -0.

le AL L 1.
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-ii) The formula for Soybean-Casein copea I (18th Revision, 1970), section en-
(Diget Medium is as follows: titled "Membrane Filtration," pages 853-

So- RwN-CACr_•.1 D• -: U=1CU 854, except that (I) the test samples
shall conform with paragraph (d) of thispancreas'O Digest oa .a-eL,.,-- 17.0 Gm section, (2) the temperature of incuba-

," pz.ic Dtge. or Soybea.n 3.0 O.- tion for the test using F-,1i4 T-lu&! o1- '4? ' Meal.

.Soi,:, Coride .-------------. 5.0G. late Medlium shall be 30* to 32° C. and
,Dbassc Pot.assium pho . 2.5 6 . (3) in addition, for products containing 4

,' Der--s (C,HOO)..-------.2. 5 Gin. a mercufial preservat*ve, the product.r,,•oked waer .--------------- 1, 000. 0 mL. shall be tested in a second test using
pa e.:te: vter1.UzAtlon '7.3±0t.2 Fluid Thioglycoilate NMe;Zurn Incubated

(2) Culture media requirements-(i) at 20' to 25" C. in leu of the test in
Growth promoting qualities. Each lot of Soybean-Casein Digest Medium. Such
"dehydrated medium bearing the manu- Miembrane Filtration section Is hereby
facIurer's identifying number, or each Incorporated by reference and deemed

lot of medium prepared from basic in- published herein. T'he United States
rePharmacopeia Is available at most medi-

Sredalenan shall be tested for Its aon ph- ft
promotlfl- qualities using not more than ca! and public librares and copies ofthe
100 organ..ýms of two or more strains of pertinent section will be provided to anymanufacturer affetdythDO OS
mi~croorganism~s "aat are ezacting In mauatue ected by the Drovisionsth- ntoorgise thand aere xca-tinaerobic of thlus subchapter upon request to the"rheL- nutritilve and aerobc-atnaerobic Director, Bureau of Biologics or the ap-

propriate Information Center Offces
m(¶) Condition.s o1 medium and design listed in 45 CFPR Part 5. In addition, an

"of test vessz. A medium shall not b official historic file of the material incor-used if the extent of evaporation affects porated by reference is maintained in theits zuidtty, nor shall it be reused iD & ofce of the Director, Bureau of

a, 10 '.erlliuy test. Fluid ThioglYcollate Bilobgics,.•(edum shall not be used if more than g Exceptions. Bulk and final con-
ivbe upper one-third haz acquired a pink tainer material shall be tested for ste-
color. The medlum may be restored once rility as described above Ira this section,
by heatinmg on a steam bath or in free- except as follows:
lfowing steam until the pink color dis- (1) Dif erent sterility tests prescribed,
appears. The design of the test vessel for When different sterility tests are pre-
Fluid Thioglycollate Medium shall be scribed for a product in this subchapter.
such as is shown to provide favorable (2) Alternate incubation tempera-
aerobic and anaerobic growth of micro- tures. Two tests may be performed, in all
"organism throughout the test perlod, respects as prescribed in paragraph

(ill) Ratio of the inoculum to culture (a) (I) (W) of this section, one test using
medium. The ratio of the inoculum to the an incubation temperature of 18' to
,volume of the culture medium resulting •22' C., the other test using an incubation

d o f rn temperature of 35a to 37" C., in lieu of
-n ba dmistl on of gtheproduct thatl ie not performing one test using an incubatioz)Sbacterlostatic or fung-lstatic shall be de- temperature of 30' to 32" C.

termined for each product, except for temperatu of 30 oer 320oC.
those tested by membrane filtration. Ves- A different test (such as membrane nl-
sels of the product-medium mixture(s) tratlon as set forth in paragraph (f) of
and control vessels of the medium shall this section) may be performed provided
be izoculated with dilutions of cultures that prior to the performance of such
of bacteria or fungi which are sensitive test a manufacturer submits data which
to the product L-eing tested, and incubated the Comratssioner of Food and Drugs,
at the appropriate temperature for no finds adequate to establish that the
le&, than 7 days. Inhibitors or neutral- different test is equal or superior to
izers of preservatives may be considered the tests described in paragraphs (a) and
In determining the proper ratio. (b) of ths section in detecting contami-

(f) Membrane filtration. Bulk and nation and makes the ~dling a matter
final container material of products con- of oMcal record.
taming oil or products in water insoluble
ointments shall be tested for sterility 'Copies may be obtained from: United

usiug the membrane filtration procedure s;atcx Ph-rmacopeial Conventlon, Inc. 12,01
', .. •' set forth in The United States Pharma- Twinbrook Parkvwray, Rockvlle, M 20852-.

it

'J "I.
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(4) Test precluded or not requirsd. les~s than three final containers if tbae
The tests prescribed in this section need total number filled is 100 or less, endL
not be performed for WN~ole Blood (Hu- If greater, one additional container for
mran), Cn-oprecipitated Antihernophilic each additional 50 containers or frac~tion
Fact or (Human), Platelet Concen- there-of, but the simple need be no more
trate (Hum-an), Leulzocyte Ty.p I rg than 10 containers.
Serum. Red Blood Cells (Humnan), Single (9) Immune globulin p~reparations.
Donor P~asma (Human), Source Plasma. For immune globulin preparations, the
(Human, Smallpox Vaccine and other test samples from the bulk material and
Similar Products concerning which the from each ftnal container need be no
Commnissioner of Food and Drugs, Einds more than 2.0 ml.
that te m-ode of administration, the (38 FR 32056, Nov. 20, 1973, as amended e.
method of preparation or tne special na- 40 FR. 4301, Jan. 29, 1975: 41 FR 4015, Jar. 28,
ture of the product precludes or does not 1,~ rR 104.28,zmar. 11, 1976]
require a ssterility test. Cý 610,13 PuritT.

(5) Number of Atnal containers more r-d anthan 20, less than 200. If the number of Ero ucts shall be f ree from extrae
fnal containers in the filling Is mor otis material except for unavoidable bac-

than 20 or less than 200, the sample teriophage. In addition, products shall
shall be no less than 10 percent of the be tested as provided In aarah a
containers., ia and (b) of this section.

(67-7u-mber of!nlcontainers-20 or (a) Test for residual moisture. Each
.~ S..less. If the number of final containers lot of d~ried product shall be tested for

In a filling is 20 or less, the sample sha~ll residual moisture and other volatille sub-
-V ~~be two final containers, or the samnple sacs

need be no more than one final conitainer, (1) Procedure. The test for dried
proIdea (I) the bulk material met the products shall consist of measuring the
sterility test requirements and (Ui) after maiu losowegtnawihe
filling, it is demonstrated by testing a sa~mple equilibrated over anhydrou3s ?O.
simulated sample that all sufae to at a prezssar'e of not more than one mm.
which the product was exposed were free of mercury, and at a temperature of
of. contaminating microorganisms. The 201 to 30* C. for as long a~s It has been

rinin te fllngequipment with sterile 6t&lit weight,
10ecrtplnesolution, PH 71L0, (2Tetrsl;sanrdto be met.

whih s&L'bedischarged into & final The residual moisture and other volatile

*~ustne shal not excedsedplsI epr'predb

fillng he nalcontainers With the except that, (1) they shall not exceed
(7) Samples-large volume o1 product shall not- exceed 2 percent for leaslesin ftnal containers. For Normal Serumn Virus Vaccine, Live, Attenuated; Idea-Albumin (Human), Plasma Protein sles-Smailpox Vaccine, Live; RubellaFraction (Human), a-id Fibrinogen Virus Vaccine, Live; and Antihemnophilic(Human) when the volume of product in Factor (Human) ,(ill) they shall notthe :anal container is 50 milliliters or exceed 3 percent for Mlodiflecl Plasma

torwhic the fteslot appie~sn seethed asample Ec o faypoutine o s
repeset samle stag coftils thatlng bye toinjseto sand betresteforias -Syrogen
(8)l voiamnosti product inoth finte cn-edosubstance by ) itraeysalnous I extio eint

ltainjectionf For diagnsi produwhcts nt: 4. rabbi nt as r -Antidedy to parag aph (B1
intepded for takn:erovio ed, (I)on the chn- Sufand (2)ofthige seton:th Rovidsed, Thatss
toir 32 d C cIsreuired, (U) the vomlue ofe Sbhera iapte Fof Thiscater.hets
mdetrical wior thoe bulksest shal the filno bTs for Pyrogenic substances i o rqie
loss c tha e 2es0 aplie, and li the sample forh lth ofolowng products Pneddfroducse
fopreseths alzl cotainero testfiln.b neto shall be nocntiinsoreebod elements; Cry-

(8), Digotcpoutsntitne ustne yItaeou riciiit
for ineto.Frdansi-poup o abt sPrvddi aa p b 1
ineddfrijcln 1)ol h 1 n 2 fthsscin rvdd a

'!7!
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oprecipitated A~ntLhemcphillc Factor temperature before taking the reading.
Hulnaan); Single Donor Plasma (Hu- The control temreratur recorded for

man: ; Source Plasma Eluman) ; Nor- each rabbit constitutes the temoert1r
:al Hors-e Serum; bacterial, viral, and froment rise folow
"ric.-ettsial vaccines and antigens; tox- th e iniefin~n of the maurZal is ca!-
oid_; zcxins; allergenic 'xtracts; venorns; ciated. i the rectal temperature meas-
"diagnostic substances and trivalent tu-g evice is to remain inserted
* organic arsenicals. throughout the testing period, reszrain

""", (1) rest dose. The test dose for each the rabbits in a man-ner that wll allow
rabbit shall be at least 3 milliliters per them to assume a natural resting posi--
kilogram of body weight of the rabbit tion. In any one test, use only those
and also shall be at least equivalent pro- rabbits whose control temperatures do
"portionntely, on a body weight basis, to not deviate more than 11 C from each
the maximum single human dose recom- other, and do not use any rabbits wIth
mended, but need not exceed 10 milliliters a temperature exceeding 39.8" C. Warm
per kiloranm of body weight of the rab-. the test product to approximately 370 C,
bit, except that: (i) Regardless of the and inject the test dose into an ear vein
human dose recommended, the test dose of each of three rabbits. Injection of each
per kilogram of body weight o'f? eah b- test dodse-lsnaile completed Within 10
bW sna•l be at least 1 milianer-for-IM- minutes after the start of administra-~~0. ti globuii~ns derived irom tion. Record 'the temperature of each
MooM and at least 30 milligra.is tor - rabbit at 1. 2, and 3 hours subsequent

S. ~br0_man)' (i) for -trep5o,37- to the starting time of each injection.
base, Streptokinase-Streptodornase, Ag- The lot meets the requirements for ab-
gregated Radio-Iodinated (I "12) Albumin sence of p3rogens if no rabbit shows a
(Human), Radio-Chromated (Cr ") rise mpere-icQ.L0.6" C or more
Serum Albumin (Hu-mnam), RPadlio-Iodi- ove its respective control- -er! a tize.
mated (I ') Serum Albumin (Human), at any time period, and if the sum ol the'>
and R-adio-Iodinated (1m) Serum AlI three rabbits' individual taaxim--n tem-
burnin (Husman), the test dose shall b perature rises does not exceed 14" C.-:.
at least equivalent proportionately, on ato .hf--t-'f - eet the
body weight basis, to the maximum test requirements prescribed in para-
single human dose recommended. graph (b) (2) of this section, the test may

(2) Procedure; test results; standards be repeated once ,using five other rab-
to be met. Us& only overtly healthy ma- bits. The temperan_'re rises recorded for
Vure rabbits. House the rabbits individ- all eight rabbits used in testing shall be
ually in an area of uniform temperature included in determining whether the re,
(±3 C). free from disturbances likely quirements are met. The lot meets the re-
to excite them. Rabbits for pyrogen tests quirements for absence of pyrogens if not
may not be used within 2 weeks following more than three of the eight rabbits show
their having been given a test sample individual rises in temperature of 0.6" C
that was adjudged pyrogenic, and in no or more, and if the sum of the eight indi-
case may a rabbit be used more fre- vidual maximun temperature rises does
quently than every 48 hours. Before using not exceed 3.7" C.
a rabbit that has never been used in a (c) Different tests equal or superrio.pyrogen test, condition it by a sham test A different test for residual moisture may
that includes all the steps prescribed in' bc performed provided that prior to its
Paragraph (b) (2) of this section, except lormance the manufacturer Submits
injection of the test dose. Perform the data which the Commissioner of Food
test under environmental conditions sim- and Drugs finds adequate to establish
ilar to those under which the rabbits are that the different test is equal or superior
housed. During the test withhold all food, to the test described in paragraph (a)
except water, from the rabbits. Deter- of this section and makes the finding a
mine the control temperature of each matter of official record.
rabbit not more than 40 minutes before 138 FR 32056, Nor. 20, 1973. as &2memded at
-njecting the test dose. The control tern- 40 11 21976, J1ly 41, 1975: 4. S . 19049,
perature is determined by inserting the
temperature measuring device into the § 610.14 Identity.
rectum of the test rabbit to a depth of The contents of a final container of
not less than 7.5 centimeters and 'llow- each filling of each lot shall be tested
Ing sufcient time to reach a maximum for identity after all labeling operations

90-074-77---4
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shall have been completed. The identit may be added to the production substrate
test shall be specific fo p4 h L- n of viral vaccines.
a adequately Identify
it as the product designatec o - § 610.16 Total oolids in seru.m
con--t and packase latels and cl-cu- Except as otherwise provided by regu-
lars. ano distn-uh it from any otlier lation, no lcqulid serum or antitoxin shall
proauct bein- processec_ -Lr, Ze s&--It conta.Ln more than 20 percent total solids.

I.. -Identity may b--Etsl § 610.17 Permissible combinatio,.
either through the physical or chemical
characteristics of the product, inspection Licensed products may not be com-
by macroscopic or inicroscopic methods, bined with other licensed products
specific cultural tests, or in vitro or in either therapeutic, prophylactic or di-
vivo iinmU.1ioIogical tests. agnostic, except as a license is obtained

for the combined product. Licensed
§ 610.15 Constituent materials, products may not be combined w-ith ncn-

(a) Ingredients, preservative, dilu- licensable therapeutic, prophylactic, or
ents, adjuvants. All ingredients used in a diagnostic substances except as a license
licensed product, and any diluent pro- is obtained for such combination.
vided as an aid in the ad.mnistration of
the product, shall meet generally ac- § 610.18 Cultures.
cepted standards of purity and qualit7. (s.) St6rage and maintenance. cul-
Any preservative used shall be suffciently tures used Ln the manufacture of prod-
nonrto:ic so that the amount present In ucts shall be stored in a secure and order-
tht recommended dose of the product ly manner, at a temperature and by a
will not be toxic to the recipient, and in method that will retain the iritial char-
the combination used shall not denature acteristics of the organisms and insure
the specific substances in the product freedom from contamination and
below the =Imimum acceptable potency deterioration.

Swithin the dating period when stored at (b) Identity and verification. Each
the recommended temperature. Products culture shall be clearly identified as to
in multiple dose containers shall eontain souirce strain. A complete identification
3 preservative, except th?.t a preservative of the strain shall be made for each new
need not be added to Yellow Fever Vac- stock culture preparation. Primrary and
cine, Poliovirus Vaccine, Live, Oral, or subsequent seed lots shall be identif.ed
to viral vaccines labeled for use with the by lot numbar and date of preparation.
jet injector, or to dried vaccines when Periodic tests shall be performed as often
the accompanying diluent contains a as necessary to verify the integrity of thepreservative. An adjuvant shall not be strain characteristics and freedom from

introduced into a product unless there extraneous organisms. Results of all pe-.
is satisfactory evidence that it does not riodic tests for verification of cultures
affect adversely the safety or potency and determinatron of freedom from ex-
of the product. In no event shall the

recommended individual dose of a bio- traneous organisms shall be recorded

logical product contai more than 0.85 and retained.
m.iligram of alumintum, detrmilned by Subpart C-Standard Preparations and
assay, or more than 1.14 milligrams of Limits of Potency
aluminum, determined by calculation on
the basis of the amount of aluminum § 610.20 Standard preparations.
compound added. Standard preparations made available

(b) Extraneous protein; cell culture by the Bureau of Biologics shall be ap-
produced vaccinms. Extraneous protein plied in testing, as follows:
known to be capable of producing aller- (a) Potency standards. Potency stand-
genrc effects in human subjects hall ards shall be applied in testing for
not be added to a final virus mealum of potency all forms of the following:

cell culture produced vaccines intended
for injection. If serum is used at any Botulism An-Itoxim., Type A.
stage, its calculated concentratlon in the Botulism A.Pttoxin, Type B.
final medium shall not exceed 1:1,000,- Botuls Aztitoxin. Type E.

Diphthenria Antitoxin.000. lsttol~vticUs Atitrxin.
(c) Antibiotics. A minimum concentra- Oedema1tieUs Antitoxin.

tion of antibiotics, other than penicillIn, Perfringens Antitoxin.

-'=.
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Aiatipertussis Serumn. case of inactivated virus vaccines pro-
.. AntL'3bles Serutm. duced from such living cell cultures, each

Sordetlia Antitoxin, virus harvest pool and control fluid poci
*Staphylococcus Antitoxin. shall be tested for the presence of

Tetanus5 Antitoxin.
Vibrion Septique Antizoxia. Alycoplcasrna, as follows:

A.Nv z 0Exs Samples of the vi-us for this test the"i bo
stored either (1) between 2' and 81 C. for

cholera Vaccine, Inaba serotype. no longer than, 24 hours, or (2) &t -20' C. or
Lcholera vaccine, Ogawa serorype. lower if stored for longer than 24 hours. Thbe

Diph~theria To~xln for SchIck Týes:. test -b-11 be ~ie-forined on samples of -the
Pertussis Vaccine. viral harvest pool and on control flu~d pooi
Tuberculin, Old- ootalned at the time of viral har-vest, &s5 fol-
Tubercuiin. Purified Protein Derivative. lows: No lesh tha~n 2.0 ml. of each sample
T-.phoid Vaccine. shall be inoculated In evenly distrtbuted

BLOO l~z~v.An-s mount& over the surface of no less than 10
TI::mbln. BLO ~-AEpl~at~es of at lea~st two agar media. No less

tha'n 1.0 m~l, of sample shall be Inoculated
(b) Opacity standard. The U.S. Opac- I~nto each of four tubes containing 10 mi. of

y ~.ity Standard shall be applied in estimnat- a semlsolld broth =ed~lurm. The medila shall
ing the bacterial c~oncentration of all bescashebenhontbeapbeOf detecting known Mycopla-svn and each
bacterial vaccines. The aissigned value of test sball Include control cultures of at least
the standard when observed visually is 10 tw known sratins of Mryco~crpem, one of
units. The assigned value of the standard which must be M. p71eumontae. One hair~ of
xhen observed with a photometer is M1 the plates Lad two tubes of broth shall be

10 uits hen he wvelngthof te fi 11l1cubted a~erobically at 36* C. tl* C. and
1n0ilcos ()1. units we h aeeg~ ftefl the remalmin.L plates a~nd tubes shall be in-ter is 530 m mcrn,(i106utscubated asnerobica.ly at 36* C. tl'- C. in

when the wavelength of the !'ter is 650 an env'tron.ment of 5-10 percent CC, In N,.
millimicrons, and (iil) 9 units when the Aerobic Incubation shall be for a period of
-vavelength. of the fl-Iter is 420 MJlliMi- no less than 14 days and the broth In the two
crons. tubes shall1 be tested after 3 days and 14

(33TR 205, Nr. 0, 97., a amnde at day's, at which tImes 0.5 ml. of broth from
138 R 3058,Nov 20 197, ss amnde at each of the two t ubes shall be combined and

41 Fr. 104.29. Mar. 11, 1976: 41 F2.1 18235, subinoculated on to no less than 4 additional
lliy3. 1761plates and Incubated aerobically. Anaerobic
§ 61021 Lmits f ~ ncubstion shall be for no less than 14 days

a"Id the broth I,. the two tubes shall be tested
The potency of the foliowing products after 3 days and 14 days, at which times 0.5

shall be not less than that set forth below =I. of broth from each of the two tubes
and products dispensed in the dried state shall be combined and subincoculated orn to

shal reresnt Lqui prduct haing no less than four additional plates and
shl ersn iui rdcshvn incubated anaerobically. AUl Inoculated plates
the stated limitations. shall be Incubated for no less than 14 days,

A-rIxsODES at which time observation for growth of
Myco plasma shall be made at a magnifica-~ -~Diphtheria AntItox-in, 500 units per milliliter. tlon of no less than 300 X. If the Dienes

Tetanus Antitoxin, 400 units per millL1 iter. Methylene 31ve-Aizure dye or an equivalent
Tetanus Immune Globulina (Human), 50 staining procedure Is used, no less than a one

immunizing dose. square cm. plug of the agar- shall be excised
ANTIENTSfrom the inoculated area and examined for

the presence of Irycoplo.ma. The presence of
Cholera Vaccine, 8 units each of inaba and the Miycoplasrna shall be determined by

Ogawa serctype anitigens per milliliter. comparison of the growth obtained from the
Pertxussis Vaccine, 12 units per total human test samples with that of the control cul-~~~ .. ,. ~~~~~~units Of tetanus antitoxin per milliliter. trewhrspctoyialoonlad

%TyPhoid Vaccine, 8 units per milliliter.mircocmrplgyThvrupols
6" 41 FR 10429, 'Mar. 11, 1976, as amended at saicrsactoryc forpogy Tahi e van ircus poo no3

41 FR 18295, May .1.1 1976] of the tests on the samples show evidence of

Subpart DL-Mycoplasmna the presence o: :.!yzop1"sma.
§610.30 Test for .$hfcoplasma. Subpart E-Hepatitis Requirements

E:xcept a~s Provided atherwgise In thus i§ 610.40 Test for hiepatitis B surface
subchapter, prior to clarification or fll- Wuen
tration in the case of live virus vaccines (a) Test sensitivity. Each donation of
Pr'oduced from 1.n vitro living cell cal- blood, plasma. crserum to be =s;d in
tu~res, and prior to inactivation In the rreparing a bIo~logical product shall be

7.1 *'.
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tested for the presence of hepatit's B written res'Ls are in the possession of
surface antigen by a method of sufcient the collection facility.
sensi:ivity to detect all sera labeled A, (c) Mlfaterials i• storage. All blood,
(A,, B, (B), and C in the Reference plsma, or serum in storage which has
Hepatitis B Surface Antigen Panel dis- not been tested fcr the presence of the
tributed by the Bureau of B5ologics; ex- hepatitis B surface antigen shall be
cept that, in emergency situations, a tested as required in paragraphs (a) and
test method of su.ici.'ent sensit'ivty to de- (b) of this section before use as a bio-
Lect all sera labeled A. (A), and B in the logical product, cr before use in the
Reference Hepatitis B Surface Antigen manufacture of a biological product. A_U
Pane! may be used and, in dire emer- blood, plasma, or serum in st'rage which
genc'. situations, blood and blood prod- has been tested for the presence of the
ucts may be issued without any I-MBAg hepatitis B surface antigen by a method
testing, provided that a test otherwice of second generation sensitivity may be
required by this paragraph is performed used as a biological product or in manu-
as soon as possible after issuance of the facture of a biolo;ical product. provided
blood and blood product. it is used on or before March 15, 1976.

(b) Procedures. Orly Antibody to Hep- (d) Restrictions on t.ise. (1) Injectable
atitis B Surface Antigen licensed under biological products. Blood, plasma, or
this subchapter shall be used in perform- serum that Is reactive when tested for
ing the test and the test method(s) used hepatitis B surface antigen shaU not be
shall be that for which the antibody used in manufacturing injectable biolog-
product is specifically designed to be ef- ical products.
fective as recommended by the manu- (2) Licensed in vitro diagnostic bio-
facturer in the package Lhsert. The logical products. Blood, plasma or serum
sample of blood, plasma, or serum to be that is reactive when tested for hepa-
tested shall have beer taken from the titis B surface antigen r .used in
donor at the time of donation of that manufa turing llcensec_.n vitro 0anos-
unit. The test need not be performed on tic biological products: r-v- ed, That
the day of the withdrawal of the sample. (1) the final product cannot be prepared
If the radioLmmunoassay method is from blood, plasma, or serum that is non-
used, It must be performed in one of reactive when tested for hepatitis B sur-
the follow-ing ways: face antigen, due either to the nature oi

(1) The complete test Is performed at to the scarcity of the fmal product: (ii)
the collection facility. the label of the source blood, plasma,. or

(2) The test is performed at the col- serum conspicuously states that it is re-
lection facilWty up to the point of count- active when tested for hepatitis B sur-
ing the radioactivity of the samples. face antigen and may transmit viral
which counting, thereafter, is performed hepatitis; (Wii) the package label of tfe
at another facility by personnel from the licensed in vitro diagnostic biological
collection facility or by personnel from product prepared from such blood, plas-
the counting facility, ma, or serum conspicuously states that

(3) The complete test Is performed by the product was prepared from material
the personnel at an establishment 1i- that was reactive when tested for the
censed to manufacture blood or blood hepatitis B surface antigen and may
derivatives under section 351(a) of the tranmilt viral hepatitis; (iv) at the time
Public Health Service Act (42 U.S.C, of shipment, the Director, Bureau of Bic-
262(a)), or by a clinical laboratory which logics, Food and Druig Administration, is
meets the standards of the Clinical notified in writing of each shipment of
Laboratories Improvement Act of 1967 source blood, plasma, or serum, signify-
(CLIA) (42 U.S.C. 263a). provided the Ing the kind and amount of source mate-
establishment or the clinical laboratory rial shipped, the name and address of

is qualified to pierform radloimmuno- the consignee, the date of shipment, and
the manner in which the source material

assay testing for the presence of hepatitis was labeled. In the case of repetitive
B surface antigen. Except for emergen- shipments of source material for use In
cles, blood, plasma or serum shall not be manufacturing Positive controls for hep-
used as a biological product, or issued atitis B surface antigen testing, the in-
for use in manufacturing a biological formation prescribed in this paraa-ph
product, until the hepatitis B surface (d) (2) (iv) shall be sent to the Director,

9 antigen testing is completed and the Bureau of Biologics, on October 1 and

,.. -.
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April 1 of each year beginning October § 610.41 Bistor of hepatitii B surface
"1,1975. antigen.
"(3) Unlicensed in vitro.diagnostic bio- A person testing positive, or known to

logical products. Blood, plasma, or serum have previously tested positive, for hepa-
that is reactive when tested for hepatiti ishBve urev anten maitis nor as
B surface antigen may be used in manu- aitis B surface antigen may not serve as
facturing unlicensed in vitro diagnostic a donor of human biood, p:asma, or
biological products including clinical serum to be used in preparing any in-
chemistry control reagents, Provided: jectable biological product, except that

* . a person !Lnown to have previously testedThat Qi) the final product cannot be pre- positove freviousanten
pared from blood, plasma, or serum that positive for hepatitis B surace antigen
is ractv when tested for he s may serve as a source of- anibody t.

hepatitis B surface aneigen when suchB surface antigen, due either to the na- atib is resure fnr ten'hen sucture or to the scarcity of the final prod- antibody is re •uired for 1271 manufactu.re
tureor to) the scarcity of the so prebod- of a licensed biological product, pro-
uct; (UI) the label of the source blood, vided that the blood of such person meet
plasma, or serum conspicuously states the requirements of § 610.40.
that it is reactive when tested for hepa-
titis B surface antigen and may transmit (4n FR 29710, July 15, 1975]
viral hepatitis; (lii) the manufacturer Subpart F-Dating Period Limitations
of the source blood, plasma, or serum § 610.50 Date of manufacture.
obtains ;ritten assurance from the man-
uf acturer(s) of the ftnal unlicensed prod- The date of manufacture shall be
uct that package labels of all unlicensed determined a-s follows:
products will conspicuously state that the (a) I or products for which an offcial
product was prepared from blood, plasma standard of potency 13 prescribed in
or serum that was reactive when tested either 1 610.20 or 1 610.21, or which are
for the hepatitis B surface antigen and subject to ofcial potency tests, the date
may transmit viral hepatitis, as required of initiation by the manufacturer of the
by Z 809.10(a) (4) of this chapter; (iv) at last valid potency test.
the time of shiz.ment, the Director, Bu- (b) For products which are not sub-
reau of Biologics, Food and Drug Admln- ject to ofcial potency tests, (1) the date
Lstration, is no t!.4ed in writing of each of removal from arn-als, (2) the dateshipment of source blood, plasma. or of extraction, (3) the date of solution,serum, signifying the kind and amount
of source material shipped, the name and or (4) the date of cessation of growth,
address ol the consignee, the date of whichever is applicable.
shipment, and the manner in which such § 610.51 Periods of cold Storage.
source material was labeled. Except as otherwise provided in the

(e) Manufacturing responsibility. eptlas othise prodinth
When the radioimziunoassay method regulations of this subchapter, products
for hepatitis B surface antigen testing is may be held in cold storage by the manu-
performed by personnel other than those faccurer as follows:
of the facility collecting the blood, At a temperaturre no: xbove 5"C.-1 year.
plasma, or serum, as provided in para- At a temperature noe above OC.-2 yesrs.
graph (b) of this section, it shall not be
considered as divided manufacturing as 610.52 Dating period.
described in 610.63, provided the fol- The dating period for a comblnation of
lowing conditions are met: two or more products sha'l be no longtr

(1) The collecting facility has ob- than the dating period of the component
tained a written agreement that the test- product with the shortest dating period.
ing laboratory will permit authorized The dating period for a product shall be-
representatives of the Food and Drug gin on the date of m.nufact'xre, except
Admiistration to inspect its testing pro- that the dating period may begin on the
cedures and facilities during reasonable aate of isse from the manufacturer's
business hours.

(2) The testing laboratory will partici- cold storage, provided the product was
Pate in any proficiency testing programs maintained as prescribed in 1 610.51. If
Undertaken by the Bureau of Biologics, held in the manufacux-er's cold storage
Food and Drug Administration. beyond the period prescribed, the dating
140 FR 29710, July 15, 1975, as amended at period shall be reduced by is correspond-
Acl FR (912, Feb. 13. 19761 Ing period.

#d.

'%

.-- 
.",



'• •',231
' . * , 1(. * - .

Appendix H

Chapter I-Food and Drug Administration §610.61

Tetanus Antitoxin ---------------------- Liquid: Five years with an initlal 20 percent
excess of potency.

Dried: Five years with an .nItial 10 percent ex-
m fca o potency.

Tetanus Toxoid ------------------------ Two years (5' C.. one year),
No Teta•nus Toxoid AdCorbed_ ..-------------- Two years (5 C.. one year).

'bo.i-------------------------b.re years.
Trichtrnella • Elghteen months (5" C., one year).
.'uberculln - Old, concentrated: Containing 50 percent glyc-

erin. five years.
"0 l, dO ured: One year.
Purifted Protein Derivative. concentrated: Two

years containing 50 pe.rcent glycerin (5 C.,
one year).

Purified Protein Derivafive. dluted: One year.•.•. 1610,51 ei",.5 not apply.

Purified Protein Derivative, dried: Five years,
Old, dried on multiple puncture device: Two

years, provided labeLing recommends storage
"a" no rarmer tha.n 30o C. (30" C., one year).

"TIpbold Vacin. -------------------- Elghteenm ont•b (5* C.. one year).
Sybh. Vaccine ----------------- _-------. - Elgbteen montls (5" C., one yea.r).
Vacc• •tls mmune Globulin: (Hu~man).... Three years (5' C.. three years)'N
Whole Blood (Human) collected i ------- (a) ACD solutlon-Twelty-one days. provided

labeling recommends storage between 11. and
10" C. j 610.51 does not apply.

(b) Heparin solutiom-Forty-elght bours, pro-
vided labeling recommends storage between
1' and 10' C. 1 610.51 does not apply.

(c) CPD solution-Twen•yl-one days, provided
labeling recommends storage between IV and
10" C. I 810.51 does not apply.

,e ' Fever Vaccine ------------------- One year, provided labeling recommends storage
"at no warmer than V C. (-20" C., one year).

.:32r" or. 20, 1973, as amended at 39 F?. 9660, Mar. 13, 1974; 39 FR 20371, J•ne 10,"iv74: 39 I'-R 27796, Aug. 1, 1974; 40 FR 4304, Jan. 29, 1975; 40 FR 29711, July 15, 1975."'R 10768, Mar. 12, 1976; 41 FR 40101, Sept. 17. 1976; 42 FR 14095. Mar. 15, 1977]
Subpart G-Labeling Standards the manufacturer; in addition, for multi-

§610.60 Container labeL ple dose containers, the recommended
individual dose. Containers bearing par-(a) Full label. The following Items tial labels shall be placed in a package

shall appear on the label a~ffxed to each which bears all the items required for a
container of a product capable of bear. package label.
Ing a full label: (d) No container label. If the con-

(1) The proper name of the product; tainer is incapable of bearing any label,
S(2) The name, addrt-.s, and license the Items required for a container label

'-lunber of rr ,; c ,tu., may be omitted, provided the container
(3) 5 ,a .t..mb- ,. er lot identi- is placed in a package which bears all
(CAtho rt: the Items required for a package label.
* (4) The epir'ation date; (e) Visual inspection. When the label
(5) The recommended Individual dose. has been afxed to the container a suff-

:or multiple dose containers.
(b) Package label inlormation. If the dent area or the container shall remain

container is not enclose i package, uncovered for its full length or circum-
8.11 the items required for -kaSge label ference to permit inspection of the
lhsll appear on the cor .zr label, contents.

(c) Partlal label. If noe container is § 610.61 Package al3eL
Cipable of bearing only a partial label. ites aero
the container shall show as a minimum The following stems Shall appear on
the name (expres.sed either "s the proper the label a.xed to each package con-
r comr nf nDame). the lot number or taining a product:

Other lot Identification and the name of (a) The proper name of the product:

.. % V ," --• • % " ," ' " ', "•.-\ ' " • : "'- "'• '." ,•" ,'. ,', -" -" -" ' ',' ,', ,'. ,'-f • '-' "-' '-' "-', -" " " '? , "- .' '/ , • ." " - , . - ".- -. " .. . ,- ,,> .'. ', '- '- .' .' .'- ,'. _'.
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(b) The name, address, and license, tested for hepatitis B surface antigen. In
number of manufacturer; lieu of hinclusion on the package label,

(c) The lot number or other lot such Information may be included in a
Identiftcation; circular enclosed with the package.

(d) The expiration date; (38 FR. 32056, Nov. 20, 1973, as ,mended at(e) The ireservauve used an' its con- 40 F.R 29711, July 15, 19751
centration, or If no preservative is used § 610.62 Proper name; package label:

"* .'.' and the absence of a preserw'ative is a legible t-pe.
safety factor, tho words "no preserva- (a) tyTe p

tive"; (a) Poston. The proper name of ti
"(f) The number of containers, if more product on the package label shall be

than one; placed above any trademark or trade
(g) The amount of product In the con- name identifying the product and

tainer expressed e.s (1) the number of symmetrlcally arranged with respect to
' doses, (2) volume, (3) units of potency, other printing on the label.

(4) weight, (5) equivalent volume (for (b) Prominence. The point size and
dried product to be reconstituted), or typeface of the proper name shall be at
(6) such combination of the foregoing least as prominent as the point size and
as needed for an accurate description of typeface used in designating the trade-
the contents, whichever is applicable; mark and t•rde name. The contra.st In

(h) The recommended storage tern- color value between the proper name
perature; and the background shall be at least as

(.) The words "Shake Well", "Do not great as the color value between the
Freeze" or the equivalent, as well as trademark and trade name and the
other instructions, when indicated by the background. Typography, layout, con-

ch -ctrof the product; tra-st, and other rintlnz features shall
(j) The recommended individual dose not be used in a msanner that wi I aifect

if the enclosed container(s) is a multiple- adversely the proininence of the proper
dose container; name.

(k) The route of administration (c) Legible ty/pe. All Items required
recommended, or reference to such dlree- to be on the container label and package
tions in an enclosed circular; label shall be in legible type. 'qegible

"'() Known sensitizing substances, or type" is type of a size and character
reference to an enclosed circular contain- which can be rerd with ease when held
Lng appropriate information: In a good light and with normal vision.

(m) The type and calculated amount § 610.63 Diided manufacturing re-
of antibiotics added during manufac- sponsiiLhity to be shown.
ture; If two or more establishments partic-(r) The Inactive Ingredients when i

Ssad tet factor, or reference to an enclosed appe on the lan der te de ct,
' nctc ircular containing appropriate in- the nase, addressl and license number

ar ieformation; of edch must appeam on the package
:-',(o) Th,, adjuvant, If present', label. and on the label of the container If

(p) The source of the product when a capable of bearirg a fulg label.fator in safe admi•.nistration: §610.64 Name of ie~lling agent or dis.=

(q) The identity of each micro- oibutor.
'-%'., crpancsm used In manufactureand. The name and address of the sellpng.where appicable, the production medium

and the method of inactivation, or refer- agent or distributor of a product may
enoeto n ecloed crcuar Uiing appear on the label under the designa-

".• ece o a anc~edcirularconaln~u; tion of "'selling agent" or "•distributor"
""-a p p ro p r ia t e i n f o r m a ti o n ;p r v d d t a t h n m e m d r s s o

S(r) Minimum potency of product ex- prod t ae ad d o
Cs)eo injetable rodca psreard o e the manufacturer is given precedence In

fromshuman blmsofod, i~ plsm a o eua ltoso h cutyt hc h rd

S~~~~potency or, If potency is a factor and noprien.
'.•.U.S. standard of potency ha~s been pre- §606 rdcsfrepr

•. ,scribed, the words "No U.S. standard of Labels on packages or containers of
,--'.potency." products for export may be adapted to
•iJ(s) For injectable products prepared meet specisc requirements of the regu-

•.'"ifrom human blood, plasma or serum, a lations of the count ty to which the prod-

statement that the product was prepared uct Ls to be exported provided that In
from blood that was nonreactive when all such cases the minimum label re-

. .
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233
two Appendix H

Chapter I-Food and Drug Administration § 620.4

quiremnents prescrie In § 610.60 are for propagating bacteria either for seed
observed. or for vaccine. The culture m';dium for

propagating bacteria for vaccine shall
Fý.RT 620-ADDITIONAL STANDARDS not contain ingredients known to be

FOR BACTERIAL PRODUCTS capable of producing allergenic effects in
Subpart A-Pertussis Vaccine human subjects, except blood or blood

* -. products from lower animals other than
o20.1 Pertussis Vaccine, the horse. When blood or a blood product

6202 Production. Ls used, it shall be removed by washing
c--0.3. U.S. Standzrd preparation&. the harvested bacioria. The bacterial
"620.4 Potencr t-est. concentrate shall be free of extraneous. e20.5 Mouse wx:tYcit-7 test.

"" o20. a osneral requitrements. bacteria, fung-i, and yeasts, as demron-
620.7 Equivalent m ethods,eu strated bV microscopic exan.mination aEnd

Subpart 13-Typhoid Vaccine cultural methods.
(b) Bacterial content. (1) The opacity

"" 620.10 Typhoid VazLne. of the bacterial concentrate shall be
"" 620.11 Production, determined in terms of the U.S. Opaclty

V.0.12 U.S. ,t=d.a.rd prep&rstioa, Standard not later than 2 weeks after
620.13 Potency test.
620.14 General requrments. the harvest of the bacteria and before
620.15 Equivalent methods. any treatment capable of ae.ering the

Subpart C-Anthrax Vaccine, Adsorbtd opacity of the bacterial concentrate.
(2) The total I•.unlzlng dose of a

620.20 Anth.r. Vaccne, Adsorbed.. vaccine prepared with whole bacteria
620.22 Pro, luferenct preparation. shall contaia (i) in the case of nonad-
620.23 Potency test. sorbed vaccine no more bacteria than the

620.24 General requirement., equivalent of 60 opacity units and (ii) In
620.25 Equivalent methods. the case of adsorbed vaccine no more

Subart D-.holera Vaccine than the equivalent of 48 opacity units.
620.30 CholeraVaccine. (C) Detoxilcction. After removing a

C1h 620.31 Productione sample for purity testing, the bacteria

620.32 U.S. Standard preparations, shall be killed and detoxified either (3)
0-z 620.33 Potency tests. by heating, (2) by addition of a chemical

620.3i mouse toxlcity test, agent and appropriate aging, or (3) by
620.35 General requIremeatS. any combination of the stated proce-
620.36 Equivalent methods. dures. The procedure used shall be one

Arno.-z:-z: Sec. 215, 68 Stat, 690, as that has been shown to have no adverse
eamended; 12 U.S.C. 216. Sec. 351, 58 Stat. '702, effeot on requi-ed safety, purity, and
Ls amended; 42 U.S.C. 22, unless otherwise potency.
notcd. (d) Preservative. The vaccine shall

Soracz: 38 Fi 3208-L. 2ov. ZO, 1973, UJ316 contain a preservative.
other"wtse noted. • 620.3 U.S. Standard preparations.

Cioss Rr'~z¢zcxs.-?or .S, Cu)tToms Serv-
Ie. regulatIons relating to viruses, serurs (a) The U. Standard Pertussis Vac-
s.nd toxins, see 19 CFR 12.1-12.23. For UZ. cine shall be used for determining the
Postal Service regulations relating to the ad. potency of Pertussis Vaccine.
mtsstbtlty to the United States -1,la see 39 (b) The UZ. Opacity Standard shall
CFR Part 124 and 125, esp. 1 125.2. be used In estimating the bacterial con-

Subpart A-Pertussis Vaccine tent of the vaccine and of the challenge
culture.

§ 620.1 Perrussis Vaccine.

The proper name of this product shall § 620.4 Potency test.
be 'Pertussis Vaccine", which shall be The number of protective units of thean aqueous preparaion of either killed total human Immunizing dose shall be
whole Bordetella pertuss•s bacteria or a estimated for each lot of vaccine from
fraction of Bordetefla pertussis bacteria. the results of slinultaneous intracerebral
The vaccine may be precipitated or mouse protection tests of the vaccine
adsorbed and may be combined with under test and the U.S, Standard Per-
other antigens. tussls Vaccine. The potency test shall be

performed as follows:
§ 620.2 Production. (a) Mice. Healthy mice shall be used,

(a) Propagation of bacteria. Human all from a single strain and of the same
blood shall not be used in culture medium sex, or an equal number of each sex in

;2.%. - • •W ,,. '. _ -- -" -S-• "-. % , ,• -,-' 'V_ t -"•", . . ' ." . .- .,.•
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